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Electrons, Electrodes 
and Electron Tubes 


T HE electron tube is a marvelous 
device. It makes possible the per¬ 
forming of operations, amazing in con¬ 
ception, with a precision and a certainty 
that are astounding. It is an exceedingly 
sensitive and accurate instrument—the 
product of coordinated efforts of engi¬ 
neers and craftsmen. Its construction 
requires materials from every corner 
of the earth. Its use is world-wide. 

The importance of the electron 
tube lies in its ability to control almost 
instantly the flight of the millions of 
electrons supplied by the cathode. It 
accomplishes this control with a mini¬ 
mum of energy. Because it is almost 
instantaneous in its action, the electron 
tube can operate efficiently and accu¬ 
rately at extremely high electrical fre¬ 
quencies. 

Electrons 

All matter exists in the solid, 
liquid, or gaseous state. These three 
forms consist entirely of minute divi¬ 
sions known as molecules, which, in 
turn, are composed of atoms. Atoms 
have a nucleus which is a positive 
charge of electricity, around which re¬ 
volve tiny charges of negative electricity 
known as electrons. Scientists have es¬ 
timated that electrons weigh only 1/30- 
billion, billion, billion, billionths 
(Vs o x 10~ :M} ) of an ounce, and that they 
may travel at speeds of thousands of 
miles per second. 

Electron movement may be accele¬ 
rated by the addition of energy. Heat is 
one form of energy which can be con¬ 
veniently used to speed up the electron. 


For example, if the temperature of a 
metal is gradually raised, the electrons 
in the metal gain velocity. When the 
metal becomes hot enough, some elec¬ 
trons may acquire sufficient speed to 
break away from the surface of the 
metal. This action, which is accelerated 
when the metal is heated in a vacuum, 
is utilized in most electron tubes to 
produce the necessary electron supply. 

An electron tube consists of a 
cathode, which supplies electrons, and 
one or more additional electrodes, 
which control and collect these elec¬ 
trons, mounted in an evacuated en¬ 
velope. The envelope may be made of 
glass, metal, ceramic, or a combination 
of these materials. 

Cathodes 

A cathode is an essential part of an 
electron tube because it supplies the 
electrons necessary for tube operation. 
When energy in some form is applied 
to the cathode, electrons are released. 
Heat is the form of energy generally 
used. The method of heating the cath¬ 
ode may be used to distinguish between 
the different forms of cathodes. For ex¬ 
ample, a directly heated cathode, or 
filament-cathode, is a wire heated by 
the passage of an electric current. An 
indirectly heated cathode, or heater- 
cathode, consists of a filament, or 
heater, enclosed in a metal sleeve. The 
sleeve carries the electron-emitting ma¬ 
terial on its outside surface and is 
heated by radiation and conduction 
from the heater. 

A filament, or directly heated cath¬ 
ode, such as that shown in Fig. 1 may 
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be further classified by identifying the 
filament or electron-emitting material. 
The materials in regular use are tung¬ 
sten, thoriated tungsten, and metals 
which have been coated with alkaline- 
earth oxides. Tungsten filaments are 
made from the pure metal. Because 
they must operate at high temperatures 
(a dazzling white) to emit sufficient 
electrons, a relatively large amount of 
filament power is required. 

Thoriated-tungsten filaments are 
made from tungsten impregnated with 
thorium oxide. Due to the presence of 
thorium, these filaments liberate elec¬ 
trons at a more moderate temperature 
of about 1700°C (a bright yellow) and 
are, therefore, much more economical 
of filament power than are pure tung¬ 
sten filaments. 

Alkaline earths are usually applied 
as a coating on a nickel-alloy wire or 
ribbon. This coating, which is dried in 
a relatively thick layer on the filament, 
requires only a relatively low tempera¬ 
ture of about 700-750°C (a dull red) 
to produce a copious supply of elec¬ 
trons. Coated filaments operate very 
efficiently and require relatively little 
filament power. However, each of these 
cathode materials has special advan¬ 
tages which determine the choice for a 
particular application. 

Directly heated filament-cathodes 
require comparatively little heating 
power. They are used in tube types de¬ 
signed for battery operation because it 
is, of course, desirable to impose as 
small a drain as possible on the bat¬ 
teries. They are also used in rectifiers 
such as the 1G3GTA/1B3GT and the 
5Y3GT. 

An indirectly heated cathode, or 
heater-cathode, consists of a thin metal 
sleeve coated with electron-emitting ma¬ 
terial such as alkaline-earth oxides. The 
emissive surface of the cathode is main¬ 
tained at the required temperature 
(approximately 1050°K) by resistance¬ 
heating of a tungsten or tungsten-alloy 
wire which is placed inside the cath¬ 
ode sleeve and electrically insulated 
from it, as shown in Fig. 2. The heater 
is used only for the purpose of heat¬ 
ing the cathode sleeve and sleeve coat¬ 
ing to an electron-emitting temperature. 


Useful emission does not take place 
from the heater wire. 

A new dark heater insulating coat¬ 
ing developed by RCA has better heat 
transfer than earlier aluminum-oxide 
coatings, and makes it possible to oper¬ 
ate heaters at lower temperatures for 
given power inputs. Because the tensile 
strength of the heater wire increases 
at the lower operating temperatures, 
tubes using dark heaters have increased 
reliability, stability, and life. 




Fig. 1—Filament Fig. 2—Indirectly 
or directly heated heated cathode or 

cathode. heater-cathode. 

The heater-cathode construction is 
well adapted for use in electron tubes 
intended for operation from ac power 
lines and from storage batteries. The 
use of separate parts for emitter and 
heater functions, the electrical insula¬ 
tion of the heater from the emitter, 
and the shielding effect of the sleeve 
may all be utilized in the design of the 
tube to minimize the introduction of 
hum from the ac heater supply and to 
minimize electrical interference which 
might enter the tube circuit through the 
heater-supply line. From the viewpoint 
of circuit design, the heater-cathode 
construction offers advantages in con¬ 
nection flexibility because of the elec¬ 
trical separation of the heater from the 
cathode. 

Another advantage of the heater- 
cathode construction is that it makes 
practical the design of a rectifier tube 
having close spacing between its cath¬ 
ode and plate, and of an amplifier tube 
having close spacing between its cath¬ 
ode and grid. In a close-spaced rectifier 
tube, the voltage drop in the tube is 
low, and, therefore, the regulation is 
improved. In an amplifier tube, the 
close spacing increases the gain obtain¬ 
able from the tube. Because of the 
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advantages of the heater-cathode con¬ 
struction, almost all present-day receiv¬ 
ing tubes designed for ac operation 
have heater-cathodes. 

Generic Tube Types 

Electrons are of no value in an 
electron tube unless they can be put to 
work. Therefore, a tube is designed 
with the parts necessary to utilize elec¬ 
trons as well as those required to pro¬ 
duce them. These parts consist of a 
cathode and one or more supplemen¬ 
tary electrodes. The electrodes are en¬ 
closed in an evacuated envelope having 
the necessary connections brought out 
through air-tight seals. The air is re¬ 
moved from the envelope to allow free 
movement of the electrons and to pre¬ 
vent injury to the emitting surface of 
the cathode. 

When the cathode is heated, elec¬ 
trons leave the cathode surface and 
form an invisible cloud in the space 
around it. Any positive electric poten¬ 
tial within the evacuated envelope of¬ 
fers a strong attraction to the electrons 
(unlike electric charges attract; like 
charges repel). Such a positive electric 
potential can be supplied by an anode 
(positive electrode) located within the 
tube in proximity to the cathode. 

Diodes 

The simplest form of electron tube 
contains two electrodes, a cathode and 
an anode (plate), and is often called a 
diode, the family name for a two-elec¬ 
trode tube. In a diode, the positive 
potential is supplied by a suitable elec¬ 
trical source connected between the 
plate terminal and a cathode terminal, 
as shown in Fig. 3. Under the influence 
of the positive plate potential, electrons 
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flow from the cathode to the plate and 
return through the external plate-bat¬ 
tery circuit to the cathode, thus com¬ 
pleting the circuit. This flow of electrons 
is known as the plate current. 

If a negative potential is applied to 
the plate, the free electrons in the space 
surrounding the cathode will be forced 
back to the cathode and no plate cur¬ 
rent will flow. If an alternating voltage 
is applied to the plate, the plate is al¬ 
ternately made positive and negative 
Because plate current flows only during 
the time when the plate is positive, cur¬ 
rent flows through the tube in only one 
direction and is said to be rectified. 
Fig. 4 shows the rectified output current 
produced by an alternating input volt¬ 
age. 



Fig. 4—Current characteristics of rectifier 
circuit. 

Diode rectifiers are used in ac re¬ 
ceivers to convert the ac supply voltage 
to dc voltage for the electrodes of the 
other tubes in the receiver. Rectifier 
tubes having only one plate and one 
cathode, such as the 35W4, are called 
half-wave rectifiers, because current 
can flow only during one-half of the 
alternating-current cycle. When two 
plates and one or more cathodes are 
used in the same tube, current may be 
obtained on both halves of the ac cycle. 
The 6X4, 5Y3GT, and 5U4GB are ex¬ 
amples of this type and are called 
full-wave rectifiers. 

Not all of the electrons emitted by 
the cathode reach the plate. Some re¬ 
turn to the cathode, while others re¬ 
main in the space between the cathode 
and plate for a brief period to produce 
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an effect known as space charge. This 
charge has a repelling action on other 
electrons which leave the cathode sur¬ 
face and impedes their passage to the 
plate. The extent of this action and the 
amount of space charge depend on the 
cathode temperature, the distance be¬ 
tween the cathode and the plate, and 
the plate potential. The higher the plate 
potential, the less is the tendency for 
electrons to remain in the space-charge 
region and repel other electrons. This 
effect may be noted by applying increas¬ 
ingly higher plate voltages to a tube 
operating at a fixed heater or filament 
voltage. Under these conditions, the 
maximum number of available electrons 
is fixed, but increasingly higher plate 
voltages will succeed in attracting a 
greater proportion of the free electrons. 

Beyond a certain plate voltage, 
however, additional plate voltage has 
little effect in increasing the plate cur¬ 
rent because all of the electrons emitted 
by the cathode are already being drawn 
to the plate. This maximum current, 
illustrated in Fig. 5, is called saturation 
current. Because it is an indication of 
the total number of electrons emitted, 
it is also known as emission current or 
simply emission. 



Fig. 5—Current characteristic of diode 
tube . 

Although tubes are sometimes 
tested by measurement of their emission 
current, it is generally not advisable to 
measure the full value of emission be¬ 
cause this value would be sufficiently 
large to cause change in the tube char¬ 
acteristics or even to damage the tube. 
Consequently, while the test value of 
emission current is somewhat larger 
than the maximum current which will 
be required from the cathode in the 


use of the tube, it is ordinarily less 
than the full emission current. The 
emission test, therefore, is used to in¬ 
dicate whether the cathode can supply 
a sufficient number of electrons for 
satisfactory operation of the tube. 

If space charge were not present to 
repel electrons coming from the cath¬ 
ode, the same plate current could be 
produced at a lower plate voltage. One 
way to make the effect of space charge 
small is to make the distance between 
plate and cathode small. This method 
is used in rectifier types having heater- 
cathodes, such as the 5V4GA and the 
6AX5GT. In these types, the radial dis¬ 
tance between cathode and plate is only 
about two hundredths of an inch. 

Another method of reducing space- 
charge effect is utilized in mercury- 
vapor rectifier tubes. When such tubes 
are operated, a small amount of mer¬ 
cury contained in the tube is partially 
vaporized, filling the space inside the 
bulb with mercury atoms. These atoms 
are bombarded by electrons on their 
way to the plate. If the electrons are 
moving at a sufficiently high speed, the 
collisions tear off electrons from the 
mercury atoms. The mercury atom is 
then said to be “ionized,” i.e., it has lost 
one or more electrons and, therefore, 
has a positive charge. Ionization is evi¬ 
denced by a bluish-green glow between 
the cathode and plate. When ionization 
occurs, the space charge is neutralized 
by the positive mercury atoms so that 
increased numbers of electrons are 
made available. Mercury-vapor tubes 
are used primarily for power rectifiers. 

Ionic-heated-cathode rectifiers de¬ 
pend on gas ionization for their opera¬ 
tion. These tubes are of the full-wave 
design and contain two anodes and a 
coated cathode sealed in a bulb con¬ 
taining a reduced pressure of inert gas. 
The cathode becomes hot during tube 
operation, but the heating effect is 
caused by bombardment of the cath¬ 
ode by ions within the tube rather than 
by heater or filament current from an 
external source. 

The internal structure of an ionic- 
heated-cathode tube is designed so that 
when sufficient voltage is applied to the 
tube, ionization of the gas occurs be- 
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tween the anode which is instan¬ 
taneously positive and the cathode. 
Under normal operating voltages, ioni¬ 
zation does not take place between the 
anode that is negative and the cathode, 
so that the requirements for rectifica¬ 
tion are satisfied. The initial small flow 
of current through the tube is sufficient 
to raise the cathode temperature quickly 
to incandescence, whereupon the cath¬ 
ode emits electrons. The voltage drop 
in such tubes is slightly higher than 
that of the usual hot-cathode gas rec¬ 
tifiers because energy is taken from the 
ionization discharge to keep the cath¬ 
ode at operating temperature. Proper 
operation of these rectifiers requires a 
minimum flow of load current at all 
times to maintain the cathode at the 
temperature required to supply sufficient 
emission. 

Triodes 

When a third electrode, called the 
control grid, is placed between the cath¬ 
ode and plate, the tube is known as a 
triode, the family name for a three- 
electrode tube. The grid usually consists 
of relatively fine wire wound on two 
support rods (siderods) and extending 
the length of the cathode. The spacing 
between turns of wire is large compared 
with the size of the wire so that the 
passage of electrons from cathode to 
plate is practically unobstructed by the 
grid. In some types, a frame grid is used. 
The frame consists of two siderods sup¬ 
ported by four metal straps. Extremely 
fine lateral wire (diameter of 0.5 mil or 
less) is wound under tension around the 
frame. This type of grid permits the 
use of closer spacings between grid 
wires and between tube electrodes, and 
thus improves tube performance. 

The purpose of the grid is to con¬ 
trol the flow of plate current. When a 
tube is used as an amplifier, a negative 
dc voltage is usually applied to the 
grid. Under this conditon the grid does 
not draw appreciable current. 

The number of electrons attracted 
to the plate depends on the combined 
effect of the grid and plate polarities, as 
shown in Fig. 6. When the plate is posi¬ 
tive, as is normal, and the dc grid volt¬ 


age is made more and more negative, 
the plate is less able to attract electrons 
to it and plate current decreases. When 
the grid is made less and less negative 
(more and more positive), the plate 
more readily attracts electrons to it and 
plate current increases. Hence, when 
the voltage on the grid is varied in ac¬ 
cordance with a signal, the plate cur¬ 
rent varies with the signal. Because a 
small voltage applied to the grid can 
control a comparatively large amount 
of plate current, the signal is ampli¬ 
fied by the tube. Typical three-electrode 
tube types are the 6C4 and 6AF4A. 
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The grid, plate, and cathode of a 
triode form an electrostatic system, each 
electrode acting as one plate of a small 
capacitor. The capacitances are those 
existing between grid and plate, plate 
and cathode, and grid and cathode. 
These capacitances are known as inter¬ 
electrode capacitances. Generally, the 
capacitance between grid and plate is 
of the most importance. In high-gain 
radio-frequency amplifier circuits, this 
capacitance may act to produce unde¬ 
sired coupling between the input circuit, 
the circuit between grid and cathode, 
and the output circuit, the circuit be¬ 
tween plate and cathode. This coupling 
is undesirable in an amplifier because 
it may cause instability and unsatisfac¬ 
tory performance. 

Tetrodes 

The capacitance between control 
grid and plate can be made small by 
mounting an additional electrode, called 
the screen grid (grid No. 2), in the tube. 
With the addition of the grid No. 2, 
the tube has four electrodes and is, ac¬ 
cordingly, called a tetrode. The screen 
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grid or grid No. 2 is mounted between 
the grid No. 1 (control grid) and the 
plate, as shown in Fig. 7, and acts as 
an electrostatic shield between them, 
thus reducing the grid-to-plate capaci¬ 
tance. The effectiveness of this shield¬ 
ing action is increased by a bypass 
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Fig. 7—Basic tetrode circuit . 


capacitor connected between-screen grid 
and cathode. By means of the screen 
grid and this bypass capacitor, the grid- 
plate capacitance of a tetrode is made 
very small. In practice, the grid-plate 
capacitance is reduced from several 
picofarads (pF) for a triode to 0.01 pF 
or less for a screen-grid tube. 

The screen grid has another desir¬ 
able effect in that it makes plate current 
practically independent of plate voltage 
over a certain range. The screen grid is 
operated at a positive voltage and, 
therefore, attracts electrons from the 
cathode. However, because of the com¬ 
paratively large space between wires of 
the screen grid, most of the electrons 
drawn to the screen grid pass through 
it to the plate. Hence, the screen grid 
supplies an electrostatic force pulling 
electrons from the cathode to the plate. 
At the same time, the screen grid shields 
the electrons between cathode and 
screen grid from the plate so that the 
plate exerts very little electrostatic 
force on electrons near the cathode. 

So long as the plate voltage is 
higher than the screen-grid voltage, 
plate current in a screen-grid tube de¬ 
pends to a great degree on the screen- 
grid voltage and very little on the plate 
voltage. The fact that plate current in 
a screen-grid tube is largely independ¬ 
ent of plate voltage makes it possible 
to obtain much higher amplification 
with a tetrode than with a triode. The 


low grid-plate capacitance makes it 
possible to obtain this high amplifica¬ 
tion without plate-to-grid feedback and 
resultant instability. In receiving-tube 
applications, the tetrode has been re¬ 
placed to a considerable degree by the 
pentode. 

Pentodes 

In all electron tubes, electrons 
striking the plate may, if moving at suf¬ 
ficient speed, dislodge other electrons. 
In two- and three-electrode types, these 
dislodged electrons usually do not cause 
trouble because no positive electrode 
other than the plate itself is present to 
attract them. These electrons, therefore, 
are drawn back to the plate. Emission 
caused by bombardment of an electrode 
by electrons from the cathode is called 
secondary emission because the effect is 
secondary to the original cathode emis¬ 
sion. 

In the case of screen-grid tubes, the 
proximity of the positive screen grid to 
the plate offers a strong attraction to 
these secondary electrons, and particu¬ 
larly so if the plate voltage swings lower 
than the screen-grid voltage. This effect 
reduces the plate current and limits the 
useful plate-voltage swing for tetrodes. 

The effects of secondary emission 
are minimized when a fifth electrode is 
placed within the tube between the 
screen grid and plate. This fifth elec¬ 
trode is known as the suppressor grid 
(grid No. 3) and is usually connected 
to the cathode, as shown in Fig. 8. Be¬ 
cause of its negative potential with 
respect to the plate, the suppressor grid 
retards the flight of secondary electrons 
and diverts them back to the plate. 
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The family name for a five-elec¬ 
trode tube is “pentode.” In power-out¬ 
put pentodes, the suppressor grid makes 
possible higher power output with lower 
grid-driving voltage; in radio-frequency 
amplifier pentodes, the suppressor grid 
makes possible high voltage amplifica¬ 
tion at moderate values of plate volt¬ 
age. These desirable features result 
from the fact that the plate-voltage 
swing can be made very large. In fact, 
the plate voltage may be as low as, 
or lower than, the screen-grid voltage 
without serious loss in signal-gain capa¬ 
bility. Representative pentodes used for 
power amplification are the 6CL6 and 
6K6GT; representative pentodes used 
for voltage amplification are the 6AU6A, 
6BA6, and 5879. 

Beam Power Tubes 

A beam power tube is a tetrode or 
pentode in which directed electron 
beams are used to increase substantially 
the power-handling capability of the 
tube. Such a tube contains a cathode, 
a control grid (grid No. 1), a screen 
grid (grid No. 2), a plate, and, op¬ 
tionally, a suppressor grid (grid No. 3). 
When a beam power tube is designed 
without an actual suppressor grid, the 
electrodes are so spaced that secondary 
emission from the plate is suppressed 
by space-charge effects between screen 
grid and plate. The space charge is 
produced by the slowing up of electrons 
traveling from a high-potential screen 
grid to a lower-potential plate. In this 
low-velocity region, the space charge 
produced is sufficient to repel second¬ 
ary electrons emitted from the plate 
and to cause them to return to the 
plate. 

Beam power tubes of this design 
employ beam-confining electrodes at 
cathode potential to assist in producing 
the desired beam effects and to prevent 
stray electrons from the plate from re¬ 
turning to the screen grid outside of the 
beam. A feature of a beam power tube 
is its low screen-grid current. The screen 
grid and the control grid are spiral wires 
wound so that each turn of the screen 
grid is shaded from the cathode by a 
grid turn. This alignment of the screen 


grid and control grid causes the elec¬ 
trons to travel in sheets between the 
turns of the screen grid so that very 
few of them strike the screen grid. 
Because of the effective suppressor ac¬ 
tion provided by space charge and be¬ 
cause of the low current drawn by the 
screen grid, the beam power tube has 
the advantages of high power output, 
high power sensitivity, and high effi¬ 
ciency. 

Fig. 9 shows the structure of a 
beam power tube employing space- 
charge suppression illustrates how 



Fig. 9 —Structure of beam power tube 
showing beam-confining action. 


the electrons are confined to beams. 
The beam condition illustrated is that 
for a plate potential less than the 
screen-grid potential. The high-density 
space-charge region is indicated by the 
heavily dashed lines in the beam. Note 
that the edges of the beam-confining 
electrodes coincide with the dashed por¬ 
tion of the beam. In this way the 
space-charge potential region is ex¬ 
tended beyond the beam boundaries 
and stray secondary electrons are pre¬ 
vented from returning to the screen 
grid outside of the beam. The space- 
charge effect may also be obtained by 
use of an actual suppressor grid. Ex¬ 
amples of beam power tubes are 
6AQ5A, 6L6GC, 6V6GTA, and 50C5. 


Multi-Electrode and 
Multi-Unit Tubes 

Early in the history of tube devel- 
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opment and application, tubes were de¬ 
signed for a general service; that is, a 
single tube type—a triode—was used as 
a radio-frequency amplifier, an inter¬ 
mediate-frequency amplifier, an audio¬ 
frequency amplifier, an oscillator, or a 
detector. Obviously, with this diversity 
of application, one tube did not meet all 
requirements to the best advantage. 

Later and present trends of tube 
design are the development of “spe¬ 
cialty” types. These types are intended 
either to give optimum performance in 
a particular application or to combine 
in one bulb functions which formerly 
required two or more tubes. The first 
class of tubes includes such examples 
of specialty types as the 6CB6A and 
6BY6. Types of this class generally 
require more than three electrodes to 
obtain the desired special characteristics 
and may be broadly classed as multi¬ 
electrode types. The 6BY6 is an espe¬ 
cially interesting type in this class. 
This tube has an unusually large num¬ 
ber of electrodes, namely seven, ex¬ 
clusive of the heater. Plate current in 
the tube is varied at two different fre¬ 
quencies at the same time. The tube is 
designed primarily for use as a com¬ 
bined sync separator and sync clipper 
in television receivers. 

The second class includes multi- 
unit tubes such as the twin-diode triodes 
6CN7 and 6AV6, as well as triode-pen- 
todes such as the 6EA8 and 6GH8A. 
This class also includes class A twin 
triodes such as the 6FQ7/6CG7 and 
12AX7A, and types such as the 6CM7 
containing dissimilar triode units used 
primarily as combined vertical oscilla¬ 
tors and vertical deflection amplifiers 
in television receivers. Full-wave rec¬ 
tifiers are also multi-unit types. 

A third class of tubes combines fea¬ 
tures of each of the other two classes. 
Typical of this third class are the penta- 
grid-converter types 6BE6 and 6SA7. 
These tubes are similar to the multi¬ 
electrode types in that they have seven 
electrodes, all of which affect the elec¬ 
tron stream; and they are similar to the 
multi-unit tubes in that they perform 
simultaneously the double function of 
oscillator and mixer in superheterodyne 
receivers. 


Receiving Tube Structure 

Receiving tubes generally utilize a 
glass or metal envelope and a base. 
Originally, the base was made of metal 
or molded phenolic material. Types 
having a glass envelope and a molded 
phenolic base include the “octal” types 
such as the 5U4GB and the 6SN7GTB. 
Types having a metal envelope and 
molded phenolic octal base include the 
6V6 and the 6L6. Many modern types 
utilize integral glass bases. Present-day 
conventional tube designs utilizing glass 
envelopes and integral glass bases in¬ 
clude the seven-pin and nine-pin mini¬ 
ature types, the nine-pin novar and 
neonoval types, and the twelve-pin duo- 
decar types. Examples of the seven-pin 
miniature types are the 6AU6A and 
6AV6. Examples of the nine-pin mini¬ 
ature types are the 12AU7A and 6EA8. 
Examples of the novar types are the 
6CJ3 and 7868. The nine-pin base for 
the novar types has a relatively large 
pin-circle diameter and long pins to 
insure firm retention of the tube in its 
socket. 

The nuvistor concept provided a 
new approach to electron tube design. 
Nuvistor tubes utilize a light-weight 
cantilever-supported cyclindrical elec¬ 
trode structure housed in a ceramic- 
metal envelope. These tubes combine 
new materials, processes, and fabrica¬ 
tion techniques. Examples of the nu¬ 
vistor are the 6CW4 and the 6DV4. 

Television Picture Tubes 

The picture tube, or kinescope, is 
a multi-electrode tube used principally 
in television receivers for picture dis¬ 
play. It consists essentially of an elec¬ 
tron gun, a glass or metal-and-glass 
envelope and faceplate combination, 
and a fluorescent screen. 

The electron gun includes a cath¬ 
ode for the production of free elec¬ 
trons, one or more control electrodes 
for accelerating the electrons in the 
beam, and, optionally, a device for 
“trapping” unwanted ions out of the 
electron beam. 

Focusing of the beam is accom¬ 
plished either electromagnetically by 
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means of a focusing coil placed on the 
neck of the tube, or electrostatically, 
as shown in Fig. 10, by means of a 
focusing electrode (grid No. 4) within 
the envelope of the tube. The screen 
is a white-fluorescing phosphor P4 of 
either the silicate or the sulfide type. 

Deflection of the beam is accom¬ 
plished either electrostatically by means 
of deflecting electrodes within the enve¬ 
lope of the tube, or electromagnetically 
by means of a deflecting yoke placed 
on the neck of the tube. Fig. 10 shows 
the structure of the gun section of a 
picture tube and illustrates how the 
electron beam is formed and how the 
beam is deflected by means of an elec¬ 
tromagnetic deflecting yoke. In this 
type of tube, ions in the beam are 
prevented from damaging the fluores¬ 
cent screen by an aluminum film on 
the gun side of the screen. This film 
not only “traps” unwanted ions, but 
also improves picture contrast. In many 
types of non-aluminized tubes, ions 
are separated from the electron beam 
by means of a tilted-gun and ion-trap- 
magnet arrangement. 

Color television picture tubes are 
similar to black-and-white picture tubes, 
but differ in three major ways: (1) The 
light-emitting screen is made up of trios 


of phosphor dots deposited in an inter¬ 
laced pattern. Each dot of a trio is capa¬ 
ble of emitting light in one of the three 
primary colors (red, green, or blue). 

(2) A shadow mask mounted near the 
screen of the tube contains over 300,- 
000 apertures, one for each of the 
phosphor dot trios. This mask provides 
color separation by shadowing two of 
the three phosphor dots of each trio. 

(3) Three closely spaced electron guns, 
built as a unit, provide separate beams 
for excitation of the three different 
color-phosphor-dot arrays. Thus it is 
possible to control the brightness of 
each of the three colors independently 
of the other two. Fig. 11 shows a cut¬ 
away view of a color television picture 
tube. 

The three electron guns are 
mounted with their axes tilted toward 
the central axis of the envelope, and 
are spaced 120 degrees with respect to 
each other. The focusing electrodes of 
the three guns are interconnected in¬ 
ternally, and their potential is adjusted 
to cause the separate beams to focus 
at the phosphor-dot screen. All three 
beams must be made to converge at 
the screen while they are simultaneously 
being deflected. Convergence is accom¬ 
plished by the action of static and 



Fig. 10—Structure of television-picture-tube electron gun. 
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dynamic magnetic fields set up by 
the radial-converging magnet assembly 
mounted on the neck of the tube. 
These fields are coupled into the radial- 
converging pole pieces within the tube. 
Another pair of pole pieces in the 
tube is activated by the lateral-converg¬ 
ing magnet also mounted on the neck 
of the tube. These pole pieces permit 
lateral shift in position of the blue 
beam in opposition to the lateral shift 
of the green and red beams. 

A purifying magnet is used with 
color picture tubes to provide a mag¬ 
netic field, adjustable in magnitude and 
direction, to effect register over the en¬ 
tire area of the screen. A magnetic 
shield is used to minimize the effects 
of the earth’s magnetic field. 

Deflection of the three beams is 
accomplished simultaneously by a de¬ 
flecting yoke using four electromagnetic 
coils similar to the deflecting yoke used 
for black-and-white picture tubes. 

A totally new concept in color 
television display systems utilizing an 
advanced design of electron gun, de¬ 
flection yoke, and picture tube has 


been developed by RCA. Instead of 
dots, this tube utilizes a screen con¬ 
sisting of continuous vertical phos¬ 
phor lines of alternating green, red, 
and blue emitting phosphors. The mask 
apertures are vertical slits with small 
cross ties to provide strength. This 
line-screen arrangement has the ad¬ 
vantage of reducing beam-to-phosphor 
misregister, enhancing color purity, and 
improving white uniformity 

The electron gun of this tube uses 
a horizontal in-line structure rather 
than the 120° spacing of the phos¬ 
phor-dot tube and is designed for use 
with a precision static toroid line- 
focus-type deflecting yoke. With this 
structure, the three beams and the de¬ 
flecting field are in precise alignment. 
As a result, this precision in-line tube 
assembly is inherently self-converging 
and does not require dynamic con¬ 
vergence correction or its associated 
circuitry Consequently, the deflecting 
yoke and neck components can be pre¬ 
adjusted and permanently attached to 
the picture tube by the tube manufac¬ 
turer. 


FUNNEL SECTION. 



EXTERNAL 
CONDUCTIVE 
COATING 


SHADOW MASK 


RESIN 
PANEL SECTION 


Fig. 11—Cutaway view of color television picture tube. 
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T HE term “characteristics” is used to 
identify the distinguishing electrical 
features and values of an electron tube. 
These values may be shown in curve 
form or they may be tabulated. When 
the characteristics values are given in 
curve form, the curves may be used for 
the determination of tube performance 
and the calculation of additional tube 
factors. 

Tube characteristics are obtained 
from electrical measurements of a tube 
in various circuits under certain definite 
conditions of voltages. Characteristics 
may be further described by denoting 
the conditions of measurements. For 
example, Static Characteristics are the 
values obtained with different dc po¬ 
tentials applied to the tube electrodes, 
while Dynamic Characteristics are the 
values obtained with an ac voltage on 
a control grid under various condi¬ 
tions of dc potentials on the electrodes. 
The dynamic characteristics, therefore, 
are indicative of the performance capa¬ 
bilities of a tube under actual working 
conditions. 

Static characteristics may be shown 
by plate characteristics curves and 
transfer (mutual) characteristics curves. 
These curves present the same informa¬ 
tion, but in two different forms to 
increase its usefulness. The plate char¬ 
acteristic curve is obtained by varying 
plate voltage and measuring plate cur¬ 
rent for different grid-bias voltages, 
while the transfer-characteristic curve 
is obtained by varying grid-bias voltage 
and measuring plate current for differ¬ 
ent plate voltages. A plate-characteristic 
family of curves is shown in Fig. 12. 
Fig. 13 gives the transfer-characteristic 
familv of curves for the same tube. 

Dynamic characteristics include 
amplification factor, plate resistance, 
control - grid—plate transconductance, 
and certain detector characteristics, and 
may be shown in curve form for varia¬ 
tions in tube operating conditions. 


Electron Tube 
Characteristics 
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Fig. 12—Family of plate-characteristics 
curves. 


The amplification factor, or \l> is 
the ratio of the change in plate voltage 
to a change in control-electrode voltage 
in the opposite direction, under the 
condition that the plate current remains 



Fig. 13—Family of transfer-characteristics 

curves. 

unchanged and that all other electrode 
voltages are maintained constant. For 
example, if, when the plate voltage 
is made 1 volt more positive, the con¬ 
trol-electrode (grid-No. 1) voltage must 
be made 0.1 volt more negative to hold 
plate current unchanged, the amplifica¬ 
tion factor is 1 divided by 0.1, or 10. 
In other words, a small voltage varia¬ 
tion in the grid circuit of a tube has 
the same effect on the plate current as 
a large plate-voltage change—the lat¬ 
ter equal to the product of the grid- 
voltage change and amplification factor. 
The /jl of a tube is often useful for 
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calculating stage gain. This use is dis¬ 
cussed in the Electron Tube Applica¬ 
tions section. 

Plate resistance (r P ) of an electron 
tube is the resistance of the path be¬ 
tween cathode and plate to the flow of 
alternating current. It is the quotient 
of a small change in plate voltage di¬ 
vided by the corresponding change in 
plate current and is expressed in ohms, 
the unit of resistance. Thus, if a change 
of 0.1 milliampere (0.0001 ampere) is 
produced by a plate-voltage variation of 
1 volt, the plate resistance is 1 divided 
by 0.0001, or 10000 ohms. 

Control grid-to-plate transconduct¬ 
ance, or simply transconductance (g m ), 
is a factor which combines in one term 
the amplification factor and the plate 
resistance, and is the quotient of the 
first divided by the second. This term 
has also been known as mutual conduct¬ 
ance. Transconductance may be more 
strictly defined as the quotient of a small 
change in plate current (amperes) di¬ 
vided by the small change in the con¬ 
trol-grid voltage producing it, under 
the condition that all other voltages 
remain unchanged. Thus, if a grid- 
voltage change of 0.5 volt causes a 
plate-current change of 1 milliampere 
(0.001 ampere), with all other voltages 
constant, the transconductance is 0.001 
divided by 0.5, or 0.002 mho. A “mho” 
is the unit of conductance and was 
named by spelling ohm backwards. For 
convenience, a millionth of a mho, or 
a micromho Oumho), is used to express 
transconductance. Thus, in the exam¬ 
ple, 0.002 mho is 2000 micromhos. 

Conversion transconductance (g c ) 
is a characteristic associated with the 
mixer (first detector) function of tubes 
and may be defined as the quotient of 
the intermediate-frequency (if) current 
in the primary of the if transformer di¬ 
vided by the applied radio-frequency 
(rf) voltage producing it; more pre¬ 
cisely, it is the limiting value of this 
quotient as the rf voltage and if current 
approach zero. When the performance 
of a frequency converter is determined, 
conversion transconductance is used in 
the same way as control grid-to-plate 


transconductance is used in single-fre¬ 
quency amplifier computations. 

The plate efficiency of a power am¬ 
plifier tube is the ratio of the ac power 
output (P 0 ) to the product of the aver¬ 
age dc plate voltage (E b ) and dc plate 
current (I b ) at full signal, or 

Plate efficiency __ _ Po watts ^ jqq 

% Eh volts X Ii> amperes 

The power sensitivity of a tube is 
the ratio of the power output to the 
square of the input signal voltage (Em), 
and is expressed in mhos as follows: 

_ . . « . . . Po watts 

Power sensitivity (mhos) = (gin rm ' s)* 

X-RADIATION 
CHARACTERISTICS OF 
TELEVISION PICTURE TUBES 

X-rays are produced when the atoms 
of a material are bombarded by elec¬ 
trons (or ions). The relative intensity 
and spectral energy distribution of the 
X-radiation at the source are deter¬ 
mined by the accelerating voltage, the 
electron (or ion) current, and the 
atomic number of the bombarded ma¬ 
terials. Because of the selective filter¬ 
ing effect of the glass bulb and/or of 
other tube components, the relative in¬ 
tensity external to the tube is given by 
the following relationship: 

Relative Intensity a iV n Z 

where 

i = current 

V = accelerating voltage 

Z = atomic number of the “target” 

In present monochrome and color 
picture tubes, which use high absorp¬ 
tion glass, “n” is the order of 20. 

X-radiation also may be produced in 
the neck by stray electrons (or ions) 
that are accelerated by voltages that 
may be as high as the anode voltage. 
This radiation is independent of that 
produced by the beam and, in fact, may 
be produced when there is no beam 
current; it is dependent upon voltages 
that are related to interelectrode po¬ 
tential differences or charge patterns 
on the glass, and upon leakage currents. 
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Electron Tube 
Applications 


T HE diversified applications of an 
electron receiving tube have, within 
the scope of this section, been treated 
under seven headings: Rectification; 
Detection; Amplification; TV Scanning, 
Sync, and Deflection; Oscillation; Fre¬ 
quency Conversion; and Tuning Indica¬ 
tion with Electron-Ray Tubes. Although 
these operations may take place at 
either radio or audio frequencies and 
may involve the use of different cir¬ 
cuits and different supplemental parts, 
the general considerations of each kind 
of operation are basic. 

General System Functions 

When speech, music, or video in¬ 
formation is transmitted from a radio 
or television station, the station radiates 
a modulated radio-frequency (rf) car¬ 
rier. The function of a radio or tele¬ 
vision receiver is simply to reproduce 
the modulating wave from the modu¬ 
lated carrier. 

As shown in Fig. 14, a superhetero¬ 
dyne radio receiver picks up the trans¬ 
mitted modulated rf signal, amplifies it, 
converts it to a modulated intermediate- 
frequency (if) signal, amplifies the 
modulated if signal, separates the 
modulating signal from the basic car¬ 
rier wave (Detection), and amplifies the 


resulting audio signal to a level suffi¬ 
cient to produce the desired volume 
in a speaker. In addition, the receiver 
usually includes some means of produc¬ 
ing automatic gain control (age) of the 
modulated signal before the audio in¬ 
formation is separated from the carrier. 

The transmitted rf signal picked up 
by the radio receiver may contain either 
amplitude modulation (AM) or fre¬ 
quency modulation (FM). (These mod¬ 
ulation techniques are described later 
in the section on Detection.) In either 
case, amplification prior to the detector 
stage is performed by tuned amplifier 
circuits designed for the proper fre¬ 
quency and bandwidth. Frequency con¬ 
version is performed by mixer and 
oscillator circuits or by a single con¬ 
verter stage which performs both mixer 
and oscillator functions. Separation of 
the modulating signal is normally ac¬ 
complished by one or more diodes in 
a detector or discriminator circuit. Am¬ 
plification of the audio signal is then 
performed by one or more audio am¬ 
plifier stages. 

Audio-amplifier systems for phono¬ 
graph or tape recordings are similar to 
the stages after detection in a radio 
receiver. The input to the amplifier is a 
low-power-level audio signal from the 



Fig. 14—Simplified block diagram for a broadcast-band receiver. 
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phonograph or magnetic-tape pickup 
head. This signal is usually amplified 
through a preamplifier stage, one or 
more low-level (pre-driver or driver) 
audio stages, and an audio power am¬ 
plifier. The system may also include 
frequency-selective circuits which act 
as equalization networks and/or tone 
controls. 

The operation of a television re¬ 
ceiver is more complex than that of 
a radio receiver, as shown by the sim¬ 
plified block diagram in Fig. 15. The 
tuner section of the receiver selects the 
proper rf signals for the desired channel 
frequency, amplifies them, and converts 
them to a lower intermediate frequency. 


formation to the television picture tube 
and thus controls instantaneous “spot” 
brightness. At the same time, deflection 
circuits cause the electron beam of the 
picture tube to move the “spot” across 
the faceplate horizontally and vertically. 
Special “sync” signals derived from 
the video signal assure that the hori¬ 
zontal and vertical scanning are timed 
so that the picture produced on the re¬ 
ceiver exactly duplicates the picture 
being viewed by the camera or pickup 
tube. 

A communications transceiver con¬ 
tains transmitting circuits, as well as 
receiving circuits similar to those of a 
radio receiver. The transmitter portion 



Fig. 15—Simplified block diagram for 

As in a radio receiver, these functions 
are accomplished in rf-amplifier, mixer, 
and local-oscillator stages. The if sig¬ 
nal is then amplified in if-amplifier 
stages which provide the additional 
gain required to bring the signal level 
to an amplitude suitable for detection 
of the video information. 

After detection, the video signal is 
amplified and separated into sound and 
picture information. The sound signal 
is amplified and processed to provide an 
audio signal which is fed to an audio 
amplifier system similar to those de¬ 
scribed above. The picture (video) sig¬ 
nal is passed through a video amplifier 
stage which conveys beam-intensity in- 


a black-and-white television receiver. 

of such a system consists of two sections. 
In one section, the desired intelligence 
(voice, code, or the like) is picked up 
and amplified through one or more 
amplifier stages (which are usually com¬ 
mon to the receiver portion) to a high- 
level stage called a modulator. In the 
other section, an rf signal of the desired 
frequency is developed in an oscillator 
stage and amplified in one or more 
rf-amplifier stages. The audio-frequency 
(af) modulating signal is impressed on 
the rf carrier in the final rf-power- 
amplifier stage (high-level modulation), 
in the rf low-level stage (low-level mod¬ 
ulation), or in both. Fig. 16 shows a 
simplified block diagram of the trans- 
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Fig. 16—Simplified block diagram for the transmitter portion of a 27-MHz communi¬ 
cations receiver. 


mitter portion of a citizens-band trans¬ 
ceiver that operates at a frequency of 
27 MHz (megacycles per second). The 
transmitting section of a communica¬ 
tions system may also include fre¬ 
quency-multiplier circuits which raise 
the frequency of the developed rf signal 
as required. 

Rectification 

The rectifying action of a diode 
finds important applications in supply¬ 
ing a receiver with dc power from an 
ac line and in supplying high dc voltage 
from a high-voltage pulse. A typical 
arrangement for converting ac to dc in¬ 
cludes a rectifier tube, a filter, and a 
voltage divider. The rectifying action 
of the tube is explained briefly under 
Diodes, in the Electrons, Electrodes, 
and Electron Tubes section. High- 
voltage pulse rectification is described 
later under Horizontal Output Circuits. 

The function of a filter is to 
smooth out the ripple of the tube out- 
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Fig. 17—Voltage waveforms of full-wave 
rectifier circuit. 


put, as indicated in Fig. 17, and to 
increase rectifier efficiency. The action 
of the filter is explained in the Electron 
Tube Installation section under Filters. 
The voltage divider is used to cut 
down the output voltage to the values 
required by the plates and the other 
electrodes of the tubes in the receiver. 

A half-wave rectifier and a full- 
wave rectifier circuit are shown in Fig. 
18. In the half-wave circuit, current 


HALF-WAVE RECTIFIER 




Fig. 18 — Half-wave and full-wave rectifier 
circuits. 

flows through the rectifier tube to the 
filter on every other half-cycle of the ac 
input voltage when the plate is positive 
with respect to the cathode. In the full- 
wave circuit, current flows to the filter 
on every half-cycle, through plate No. 1 
on one half-cycle when plate No. 1 is 
positive with respect to the cathode, 
and through plate No. 2 on the next 
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half-cycle when plate No. 2 is positive 
with respect to the cathode. 

Because the current flow to the 
filter is more uniform in the full-wave 
circuit than in the half-wave circuit, 
the output of the full-wave circuit re¬ 
quires less filtering. Rectifier operating 
information and circuits are given under 
each rectifier tube type and in the 
Circuits section, respectively. 

Parallel operation of rectifier tubes 
furnishes an output current greater than 
that obtainable with the use of one 
tube. For example, when two full- 
wave rectifier tubes are connected in 
parallel, the plates of each tube are 
connected together and each tube acts 
as a half-wave rectifier. The permis¬ 
sible voltage and load conditions per 
tube are the same as for full-wave 
service but the total load-current¬ 
handling capability of the complete rec¬ 
tifier is approximately doubled. 

When mercury-vapor rectifier tubes 
are connected in parallel, a stabilizing 
resistor of 50 to 100 ohms should be 
connected in series with each plate 
lead in order that each tube will carry 
an equal share of the load current. The 
value of the resistor to be used will de¬ 
pend on the amount of plate current 
that passes through the rectifier. Low 
plate current requires a high value; high 
plate current, a low value. When the 
plates of mercury-vapor rectifier tubes 
are connected in parallel, the corre¬ 
sponding filament leads should be simi¬ 
larly connected. Otherwise, the tube 
drops will be considerably unbalanced 
and larger stabilizing resistors will be 
required. 

Two or more vacuum rectifier 
tubes can also be connected in parallel 
to give correspondingly higher output 
current and, as a result of paralleling 
their internal resistances, give some¬ 
what increased voltage output. With 
vacuum types, stabilizing resistors may 
or may not be necessary depending on 
the tube type and the circuit. 

A voltage-doubler circuit of simple 
form is shown in Fig. 19. The circuit 
derives its name from the fact that its 
dc voltage output can be as high as 
twice the peak value of ac input. Basic¬ 
ally, a voltage doubler is a rectifier cir¬ 


cuit arranged so that the output voltages 
of two half-wave rectifiers are in series. 

The action of a voltage doubler 
can be described briefly as follows. On 
the positive half-cycle of the ac input, 
that is, when the upper side of the ac 
input line is positive with respect to 
the lower side, the upper diode passes 
current and feeds a positive charge 
into the upper capacitor. As positive 
charge accumulates on the upper 
plate of the capacitor, a positive volt¬ 
age builds up across the capacitor. On 
the next half-cycle of the ac input, 
when the upper side of the line is 
negative with respect to the lower side, 
the lower diode passes current so that 



Fig. 19 — Full-wave voltage-doubler circuit . 

a negative voltage builds up across the 
lower capacitor. 

So long as no current is drawn at 
the output terminals from the capacitor, 
each capacitor can charge up to a volt¬ 
age of magnitude E, the peak value of 
the ac input. It can be seen from the 
diagram that with a voltage of -j-E on 
one capacitor and -E on the other, 
the total voltage across the capacitors 
is 2E. Thus the voltage doubler supplies 
a no-load dc output voltage twice as 
large as the peak ac input voltage. 
When current is drawn at the output 
terminals by the load, the output volt¬ 
age drops below 2E by an amount that 
depends on the magnitude of the load 
current and the capacitance of the 
capacitors. The arrangement shown in 
Fig. 19 is called a full-wave voltage 
doubler because each rectifier passes 
current to the load on each halt of the 
ac input cycle. 

A rectifier type especially designed 
for use as a voltage doubler is the 
25Z6GT. This tube combines two 
separate diodes in one tube. As a volt¬ 
age doubler, the tube is used in “trans¬ 
formerless” receivers. In these receiv¬ 
ers, the heaters of all tubes in the set 
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VOLTAGE-DOUBLER CIRCUIT VOLTAGE-DOUBLER CIRCUIT 

FULL-WAVE HALF-WAVE 



R = HEATERS OF OTHER TUBES IN SERIES R,s PROTECTIVE RESISTOR 

WITH VOLTAGE-DROPPING RESISTOR 

Fig. 20 — Full-wave and half-wave voltage-doubler circuits showing heater-supply 

connections. 



are connected in series with a voltage¬ 
dropping resistor across the line. The 
connections for the heater supply and 
the voltage-doubling circuit are shown 
in Fig. 20. 

With the full-wave voltage-doubler 
circuit in Fig. 20, it will be noted that 
the dc load circuit cannot be connected 
to ground or to one side of the ac supply 
line. This circuit presents certain dis¬ 
advantages when the heaters of all the 
tubes in the set are connected in series 
with a resistance across the ac line. 
Such a circuit arrangement may cause 
hum because of the high ac potential 
between the heaters and cathodes of the 
tubes. 

The half-wave voltage-doubler cir¬ 
cuit in Fig. 20 overcomes this difficulty 
by making one side of the ac line com¬ 
mon with the negative side of the dc 
load circuit. In this circuit, one half of 
the tube is used to charge a capacitor 
which, on the following half cycle, dis¬ 
charges in series with the line voltage 
through the other half of the tube. 
This circuit is called a half-wave volt¬ 
age doubler because rectified current 
flows to the load only on alternate 
halves of the ac input cycle. The volt¬ 
age regulation of this arrangement is 
somewhat poorer than that of the full- 
wave voltage doubler. 


Detection 

When speech, music, or video in¬ 
formation is transmitted from a radio 
or television station, the station radiates 
a radio-frequency (rf) wave which is 
of either of two general types. In one 
type, the wave is said to be amplitude 
modulated when its frequency remains 
constant and the amplitude is varied. 
In the other type, the wave is said 
to be frequency modulated when its 
amplitude remains essentially constant 
but its frequency is varied. 

The function of the receiver is to 
reproduce the original modulating wave 
from the modulated rf wave. The re¬ 
ceiver stage in which this function is 
performed is called the demodulator or 
detector stage. 

AM Detection 

The effect of amplitude modula¬ 
tion on the waveform of the rf wave is 
shown in Fig. 21. There are three differ¬ 
ent basic circuits used for the detection 
of amplitude-modulated waves: the di¬ 
ode detector, the grid-bias detector, and 
the grid-resistor detector. These circuits 
are alike in that they eliminate, either 
partially or completely, alternate half¬ 
cycles of the rf wave. With alternate 
half-cycles removed, the audio varia¬ 
tions of the other half-cycles can be 
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Fig. 21 —Waveforms showing effect of amplitude modulation on an rf wave . 
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amplified to drive headphones or a loud¬ 
speaker. 

A diode-detector circuit is shown 
in Fig. 22. The action of this circuit 
when a modulated rf wave is applied is 



Fig. 22—Basic diode-detector circuit. 

illustrated by Fig. 23. The rf voltage 
applied to the circuit is shown in light 
line; the output voltage across capacitor 
C is shown in heavy line. 

Between points (a) and (b) on the 
first positive half-cycle of the applied rf 
voltage, capacitor C charges up to the 
peak value of the rf voltage. Then as 
the applied rf voltage falls away from 
its peak value, the capacitor holds the 
cathode at a potential more positive 
than the voltage applied to the anode. 



Fig. 23—Waveforms showing modulated rf 
input (light line) and output voltage (heavy 
line) of diode-detector circuit. 

The capacitor thus temporarily cuts off 
current through the diode. While the 
diode current is cut off, the capacitor 
discharges from (b) to (c) through the 
diode load resistor R. 

When the rf voltage on the anode 
rises high enough to exceed the potential 
at which the capacitor holds the cath¬ 
ode, current flows again and the capaci¬ 
tor charges up to the peak value of the 
second positive half-cycle at (d). In this 
way, the voltage across the capacitor 
follows the peak value of the applied rf 
voltage and reproduces the af modu¬ 
lation. 

The curve for voltage across the 
capacitor, as shown in Fig. 23, is some¬ 
what jagged. However, this jaggedness, 
which represents an rf component in 
the voltage across the capacitor, is 


exaggerated in the drawing. In an actual 
circuit the rf component of the voltage 
across the capacitor is negligible. Hence, 
when the voltage across the capacitor 
is amplified, the output of the amplifier 
reproduces the speech or music originat¬ 
ing at the transmitting station. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When 
the rf signal on the plate swings posi¬ 
tive, the tube conducts and the rectified 
current flows through the load resistance 
R. Because the dc output voltage of a 
rectifier depends on the voltage of the 
ac input, the dc voltage across C 
varies in accordance with the amplitude 
of the rf carrier and thus reproduces 
the af signal. Capacitor C should be 
large enough to smooth out rf or if 
variations, but should not be so large 
as to affect the audio variations. Two 
diodes can be connected in a circuit 
similar to a full-w'ave rectifier to pro¬ 
vide full-wave detection. However, in 
practice, the advantages of this con¬ 
nection generally do not justify the 
extra circuit complication. 

The diode method of detection 
produces less distortion than other 
methods because the dynamic character¬ 
istics of a diode can be made more 
linear than those of other detectors. 
The disadvantages of a diode are that 
it does not amplify the signal, and that 
it draws current from the input circuit 
and therefore reduces the selectivity of 
the input circuit. However, because the 
diode method of detection produces less 
distortion and because it permits the 
use of simple avc circuits without the 
necessity for an additional voltage sup¬ 
ply, the diode method of detection is 
most widely used in broadcast receivers. 

A typical diode-detector circuit 
using a diode—triode tube is shown 
in Fig. 24. Ri is the diode load resistor. 
A portion of the af voltage developed 
across this resistor is applied to the 
triode grid through the volume control 
R 3 . In a typical circuit, resistor Ri may 
be tapped so that five-sixths of the 
total af voltage across Ri is applied to 
the volume control. This tapped con¬ 
nection reduces the af voltage output 
of the detector circuit slightly, but it 
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Fig. 24—Typical diode-detector circuit 
using a twin diode—triode tube. 


reduces audio distortion and improves 
the rf filtering. 

DC bias for the triode section is 
provided by the cathode-bias resistor R 2 
and the audio bypass capacitor C 3 . The 
function of capacitor C 2 is to block the 
dc bias of the cathode from the grid. 
The function of capacitor C 4 is to by¬ 
pass any rf voltage on the grid to cath¬ 
ode. A diode—pentode may also be 
used in this circuit. With a pentode, 
the af output should be resistance- 
coupled rather than transformer-cou¬ 
pled. 

Another diode-detector circuit, 
called a diode-biased circuit, is shown 
in Fig. 25. In this circuit, the triode grid 



Fig. 25 — Diode-biased detector circuit. 

is connected directly to a tap on the 
diode load resistor. When an rf signal 
voltage is applied to the diode, the dc 
voltage at the tap supplies bias to the 
triode grid. When the rf signal is modu¬ 
lated, the af voltage at the tap is applied 
to the grid and is amplified by the 
triode. 

The advantage of the circuit shown 
in Fig. 25 over the self-biased arrange¬ 
ment shown in Fig. 24 is that the 
diode-biased circuit does not employ a 
capacitor between the grid and the 
diode load resistor, and consequently 
does not produce as much distortion of 
a signal having a high percentage of 
modulation. 

However, there are restrictions on 
the use of the diode-biased circuit. Be¬ 


cause the bias voltage on the triode de¬ 
pends on the average amplitude of the 
rf voltage applied to the diode, the 
average amplitude of the voltage ap¬ 
plied to the diode should be constant 
for all values of signal strength at the 
antenna. Otherwise there will be differ¬ 
ent values of bias on the triode grid 
for different signal strengths and the 
triode will produce distortion. Because 
there is no bias applied to the diode- 
biased triode when no rf voltage is 
applied to the diode, sufficient resist¬ 
ance should be included in the plate 
circuit of the triode to limit its zero- 
bias plate current to a safe value. 

These restrictions mean, in prac¬ 
tice, that the receiver should have a 
separate-channel automatic-volume-con¬ 
trol (avc) system. With such an avc 
system, the average amplitude of the 
signal voltage applied to the diode can 
be held within very close limits for all 
values of signal strength at the antenna. 

The tube used in a diode-biased 
circuit should be one which operates at 
a fairly large value of bias voltage. The 
variations in bias voltage are then a 
small percentage of the total bias and 
hence produce small distortion. Tubes 
taking a fairly large bias voltage are 
types such as the 6BF6 or 6SR7 having 
a medium-mu triode. Tube types having 
a high-mu triode or a pentode should 
not be used in a diode-biased circuit. 

A grid-bias detector circuit is 
shown in Fig. 26. In this circuit, the 
grid is biased almost to cutoff, i.e., 
operated so that the plate current with 
zero signal is practically zero. The bias 
voltage can be obtained from a cathode- 
bias resistor, a C-battery, or a bleeder 
tap. Because of the high negative bias, 
only the positive half-cycles of the rf 
signal are amplified by the tube. The 
signal is, therefore, detected in the 
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Fig. 26 — Grid-bias detector circuit. 
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plate circuit. The advantages of this 
method of detection are that it am¬ 
plifies the signal, besides detecting it, 
and that it does not draw current from 
the input circuit and therefore does not 
reduce the selectivity of the input 
circuit. 

The grid-resistor-and-capacitor 
method, illustrated in Fig. 27, is some¬ 
what more sensitive than the grid-bias 
method and gives its best results on 
weak signals. In this circuit, there is no 
negative dc bias voltage applied to the 
grid. Hence, on the positive half-cycles 
of the rf signal, current flows from grid 
to cathode. The grid and cathode thus 
act as a diode detector, with the grid 
resistor as the diode load resistor and 
the grid capacitor as the rf bypass 
capacitor. The voltage across the capac¬ 
itor then reproduces the af modulation 
in the same manner as has been ex¬ 
plained for the diode detector. This 
voltage appears between the grid and 
cathode and is therefore amplified in 


CAPACITOR 



and-capacitor bias. 


the plate circuit. The output voltage 
thus reproduces the original af signal. 

In this detector circuit, the use of 
a high-resistance grid resistor increases 
selectivity and sensitivity. However, im¬ 
proved af response and stability are ob¬ 
tained with lower values of grid-circuit 
resistance. This detector circuit ampli¬ 
fies the signal, but draws current from 
the input circuit and therefore reduces 
the selectivity of the input circuit. 

FM Detection 

The effect of frequency modulation 
on the waveform of the rf wave is 
shown in Fig. 28. In this type of trans¬ 
mission, the frequency of the rf wave 
deviates from a mean value, at an audio¬ 
frequency rate depending on the modu¬ 
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Fig. 28—Waveforms showing effect of 
frequency modulation on an rf wave. 

lation, by an amount that is determined 
in the transmitter and is proportional 
to the amplitude of the af modulation 
signal. 

For this type of modulation, a de¬ 
tector is required to discriminate be¬ 
tween deviations above and below the 
mean frequency and to translate those 
deviations into a voltage whose ampli¬ 
tude varies at audio frequencies. Since 
the deviations occur at an audio fre¬ 
quency, the process is one of demodula¬ 
tion, and the degree of frequency devia¬ 
tion determines the amplitude of the 
demodulated (af) voltage. 

A simple circuit for converting fre¬ 
quency variations to amplitude varia¬ 
tions is a circuit which is tuned so that 
the mean radio frequency is on one 
slope of its resonance characteristic, as 
at A of Fig. 29. With modulation, the 



Fig. 29—Resonance curve of a tuned cir¬ 
cuit showing desired operating range for 
frequency-modulation converter. 
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Fig. 30—Balanced phase-shift discriminator circuit. 


frequency swings between B and C, and 
the voltage developed across the circuit 
varies at the modulating rate. In order 
that no distortion will be introduced in 
this circuit, the frequency swing must 
be restricted to the portion of the slope 
which is effectively straight. Since this 
portion is very short, the voltage de¬ 
veloped is low. Because of these limita¬ 
tions, this circuit is not commonly used 
but it serves to illustrate the principle. 

The faults of the simple circuit are 
overcome in a push-pull arrangement, 
such as that shown in Fig. 30, called a 
balanced phase-shift discriminator. In 
this detector, the mutually coupled 
tuned circuits in the primary and sec¬ 
ondary windings of the transformer T 
are tuned to the center frequency. A 
characteristic of a double-tuned trans¬ 
former is that the voltages in the primary 
and secondary windings are 90 degrees 
out of phase at resonance, and that the 
phase shift changes as the frequency 
changes from resonance. Therefore, the 
signal applied to the diodes and the RC 
combinations for peak detection also 
changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, the 
applied primary voltage E„ is added 
to one-half the secondary voltage E s 
through the capacitor C c . The addition 
of these voltages at resonance can be 
represented by the diagram in Fig. 31(a); 
the resultant voltage Ei is the signal 
applied to one peak-detector network 
consisting of one diode and its RC load. 
When the signal frequency decreases 
(from resonance), the phase shift of 
Es/2 becomes greater than 90 degrees, 
as shown at (b) in Fig. 31, and Ei be¬ 
comes smaller. When the signal fre¬ 


quency increases (above resonance), the 
phase shift of E s /2 is less than 90 de¬ 
grees as shown at (c), and Ei becomes 




Fig. 31—Diagram illustrating phase shift 
in double-tuned transformer (a) at reso¬ 
nance, (b) below resonance, and (c) above 
resonance. 

larger. The curve of Ei as a function of 
frequency in Fig. 32 is readily identified 
as the response curve of an FM detector. 



Fig. 32—Diagram showing resultant volt¬ 
age E x in Fig. 31 as a function of frequency. 

Because the discriminator circuit 
shown in Fig. 30 uses a push-pull con¬ 
figuration, the diodes conduct on alter¬ 
nate half-cycles of the signal frequency 
and produce a plus-and-minus output 
with respect to zero rather than with 
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respect to Ei. The primary advantage 
of this arrangement is that there is no 
output at resonance. When an FM sig¬ 
nal is applied to the input, the audio 
output voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. The 
frequency of this audio voltage is de¬ 
termined by the modulation frequency 
of the FM signal, and the amplitude of 
the voltage is proportional to the fre¬ 
quency excursion from resonance. (The 
resistor R 2 in the circuit provides a dc 
return for the diodes, and also maintains 
a load impedance across the primary 
winding of the transformer.) 

One disadvantage of the balanced 
phase-shift discriminator shown in Fig. 
30 is that it detects audio modulation 
(AM) as well as frequency modulation 
(FM) in the if signal because the cir¬ 
cuit is balanced only at the center fre¬ 
quency. At frequencies off resonance, 
any variation in amplitude of the if 
signal is reproduced to some extent in 
the audio output. 

The ratio-detector circuit shown in 
Fig. 33 is a discriminator circuit which 
has the advantage of being relatively 


placed “back-to-back” (in series, rather 
than in push-pull) so that both halves 
of the circuit operate simultaneously 
during one-half of the signal frequency 
cycle (and are cut off on the other half¬ 
cycle). As a result, the detected voltages 
Ei and E 2 are in series, as shown for 
the instantaneous polarities that occur 
during the conduction half-cycle. When 
the audio output is taken between 
the equal capacitors Ci and C 2 , there¬ 
fore, the output voltage is equal to 
(E 2 —Ei)/2 (for equal resistors Ri and 
R 2 ). 

The dc circuit of the ratio detector 
consists of a path through the secondary 
winding of the transformer, both diodes 
(which are in series), and resistors Ri 
and R 2 . The value of the electrolytic 
capacitor Ca is selected so that the time 
constant of Ri, R 2 , and C 3 is very long 
compared to the detected audio signal. 
As a result, the sum of the detected 
voltages (Ei + E 2 ) is a constant and the 
AM components on the signal frequency 
are suppressed. This feature of the ratio 
detector provides improved AM rejec¬ 
tion as compared to the phase-shift 
discriminator circuit shown in Fig. 30. 
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Fig. 33 — Ratio-detector circuit. 


insensitive to amplitude variations in 
the FM signal. In this circuit, E P is 
added to E s /2 through the mutual 
coupling Mo (this voltage addition may 
be made by either mutual or capacitive 
coupling). Because of the phase-shift 
relationship of these voltages, the re¬ 
sultant detected signals vary with fre¬ 
quency variations in the same manner 
as described for the phase-shift discrimi¬ 
nator circuit shown in Fig. 30. However, 
the diodes in the ratio detector are 


Amplification 

The amplifying action of an elec¬ 
tron tube was mentioned under Triodes 
in the section on Electrons, Electrodes, 
and Electron Tubes. This action can 
be utilized in electronic circuits in a 
number of ways, depending upon the 
results desired. Four classes of am¬ 
plifier service recognized by engineers 
are covered by definitions standardized 
by the Institute of Electrical and 
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Electronics Engineers. This classifica¬ 
tion depends primarily on the fraction 
of input cycle during which plate cur¬ 
rent is expected to flow under rated 
full-load conditions. The classes are 
class A, class AB, class B, and class C. 
The term “cutoff bias” used in these 
definitions is the value of grid bias at 
which plate current is very small (i.e., 
approaches zero). 

Classes of Service 

A class A amplifier is an amplifier 
in which the grid bias and alternating 
grid voltages are such that plate current 
in a specific tube flows at all times. 

A class AB amplifier is an ampli¬ 
fier in which the grid bias and alter¬ 
nating grid voltages are such that plate 
current in a specific tube flows for ap¬ 
preciably more than half but less than 
the entire electrical cycle. 

A class B amplifier is an amplifier 
in which the grid bias is approximately 
equal to the cutoff value, so that the 
plate current is approximately zero 
when no exciting grid voltage is applied, 
and so that plate current in a specific 
tube flows for approximately one-half 
of each cycle when an alternating grid 
voltage is applied. 

A class C amplifier is an amplifier 
in which the grid bias is appreciably 
greater than the cutoff value, so that the 
plate current in each tube is zero when 
no alternating grid voltage is applied, 
and so that plate current flows in a 
specific tube for appreciably less than 
one-half of each cycle when an alter¬ 
nating grid voltage is applied. 

The suffix 1 may be added to the 
letter or letters of the class identifica¬ 
tion to denote that grid current does 
not flow during any part of the input 
cycle. The suffix 2 may be used to 
denote that grid current flows during 
part of the cycle. 

For radio-frequency (rf) amplifiers 
which operate into a selective tuned 
circuit, as in radio transmitter applica¬ 
tions, or under requirements where dis¬ 
tortion is not an important factor, any 
of the above classes of amplifiers may 
be used, either with a single tube or 
with a push-pull stage. For audio¬ 
frequency (af) amplifiers in which dis¬ 


tortion is an important factor, only 
class A amplifiers permit single-tube 
operation. In this case, operating con¬ 
ditions are usually chosen so that dis¬ 
tortion is kept below the conventional 
5 per cent for triodes and the con¬ 
ventional 7 to 10 per cent for tetrodes 
or pentodes. Distortion can be reduced 
below these figures by means of special 
circuit arrangements such as that dis¬ 
cussed under inverse feedback. With 
class A amplifiers, reduced distortion 
with improved power performance can 
be obtained by using a push-pull stage 
for audio service. With class AB and 
class B amplifiers, a balanced stage 
using two tubes is required for audio 
service. 

Class A Voltage Amplifiers 

As a class A voltage amplifier, an 
electron tube is used to reproduce grid- 
voltage variations across an impedance 
or a resistance in the plate circuit. 
These variations are essentially of the 
same form as the input signal voltage 
impressed on the grid, but their am¬ 
plitude is increased. This increase is 
accomplished by operation of the tube 
at a suitable grid bias so that the 
applied grid input voltage produces 
plate-current variations proportional to 
the signal swings. Because the voltage 
variation obtained in the plate circuit 
is much larger than that required to 
swing the grid, amplification of the 
signal is obtained. 

Fig. 34 gives a graphical illustra¬ 
tion of this method of amplication and 
shows, by means of the grid-voltage vs. 
plate-current characteristics curve, the 
effect of an input signal (S) applied to 



Fig. 34—Current characteristics of class A 
amplifier . 
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the grid of a tube. The output signal (O) 
is the resulting amplified plate-current 
variation. 

The plate current flowing through 
the load resistance (R) of Fig. 35 
causes a voltage drop which varies di¬ 
rectly with the plate current. The ratio 
of this voltage variation produced in the 
load resistance to the input signal volt- 



Fig. 35—Triode amplifier circuit. 


age is the voltage amplification, or gain, 
provided by the tube. The voltage am¬ 
plification due to the tube is expressed 
by the following convenient formulas: 

Voltage amplification = 

gm X r P X Rl 
1000000 X (r P + Rl) 

where /a is the amplification factor of 
the tube, Rl is the load resistance in 
ohms, r P is the plate resistance in ohms, 
and g m is the transconductance in 
micromhos. 

From the first formula, it can be 
seen that the gain actually obtainable 
from the tube is less than the tube 
amplification factor, but that the gain 
approaches the amplification factor 
when the load resistance is large com¬ 
pared to the tube plate resistance. Fig. 
36 shows graphically how the gain ap¬ 
proaches the amplification factor of the 
tube as the load resistance is increased. 


From the curve it can be seen that a 
high value of load resistance should be 
used to obtain high gain in a voltage 
amplifier. 

In a resistance-coupled amplifier, 

the load resistance of the tube is ap¬ 
proximately equal to the resistance of 
the plate resistor in parallel with the 
grid resistor of the following stage. 
Hence, to obtain a large value of load 
resistance, it is necessary to use a plate 
resistor and a grid resistor of large 
resistance. However, the plate resistor 
should not be too large because the 
flow of plate current through the plate 
resistor produces a voltage drop which 
reduces the plate voltage applied to the 
tube. If the plate resistor is too large, 
this drop will be too large, the plate 
voltage on the tube will be too small, 
and the voltage output of the tube will 
be too small. Also, the grid resistor 
of the following stage should not be 
too large, the actual maximum value 
being dependent on the particular tube 
type. This precaution is necessary be¬ 
cause all tubes contain minute amounts 
of residual gas which cause a minute 
flow of current through the grid resistor. 
If the grid resistor is too large, the posi¬ 
tive bias developed by the flow of this 
current through the resistor decreases 
the normal negative bias and produces 
an increase in the plate current. This 
increased current may overheat the tube 
and cause liberation of more gas which, 
in turn, will cause further decrease in 
bias. The action is cumulative and re¬ 
sults in a runaway condition which can 
destroy the tube. 

A higher value of grid resistance 
is permissible when cathode-resistor bias 
is used than when fixed bias is used. 
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When cathode-resistor bias is used, a 
loss in bias due to gas or grid-emission 
effects is almost completely offset by an 
increase in bias due to the voltage drop 
across the cathode resistor. Typical val¬ 
ues of plate resistor and grid resistor 
for tube types used in resistance-coupled 
circuits, and the values of gain obtain¬ 
able, are shown in the Resistance- 
Coupled Amplifier section. 

The Input impedance of an elec¬ 
tron tube (that is, the impedance be¬ 
tween grid and cathode) consists of 

(1) a reactive component due to the 
capacitance between grid and cathode, 

(2) a resistive component resulting from 
the time of transit of electrons between 
cathode and grid, and (3) a resistive 
component developed by the part of 
the cathode lead inductance which is 
common to both the input and output 
circuits. These components are de¬ 
pendent on the frequency of the in¬ 
coming signal. The input impedance is 
very high at audio frequencies when 
a tube is operated with its grid biased 
negative. In a class Ai or ABi trans¬ 
former-coupled audio amplifier, there¬ 
fore, the loading imposed by the grid 
on the input transformer is negligible. 
As a result, the secondary impedance 
of a class Ai or class ABi input trans¬ 
former can be made very high because 
the choice is not limited by the input 
impedance of the tube; however, trans¬ 
former design considerations may limit 
the choice. 

At the higher radio frequencies, 
the input impedance may become very 
low even when the grid is negative, due 
to the finite time of passage of elec¬ 
trons between cathode and grid and to 
the appreciable lead reactance. This 
impedance drops very rapidly as the 
frequency is raised, and increases input- 
circuit loading. In fact, the input im¬ 
pedance may become low enough at 
very high radio frequencies to affect 
the gain and selectivity of a preceding 
stage appreciably. Tubes such as the 
“acorn” and “pencil” types and the 
high-frequency miniatures have been 
developed to have low input capac¬ 
itances, low electron-transit time, and 
low lead inductance so that their input 
impedance is high even at the ultra- 


high radio frequencies. Input ad¬ 
mittance is the reciprocal of input 
impedance. 

A remote-cutoff amplifier tube is 
a modified construction of a pentode 
or a tetrode type designed to reduce 
modulation-distortion and cross-modu¬ 
lation in radio-frequency stages. Cross- 
modulation is the effect produced in a 
radio or television receiver by an in¬ 
terfering station “riding through” on 
the carrier of the station to which the 
receiver is tuned. Modulation-distortion 
is a distortion of the modulated carrier 
and appears as audio-frequency distor¬ 
tion in the output. This effect is pro¬ 
duced by a radio-frequency amplifier 
stage operating on an excessively curved 
characteristic when the grid bias has 
been increased to reduce volume. The 
offending stage for cross-modulation is 
usually the first radio-frequency am¬ 
plifier, while for modulation-distortion 
the cause is usually the last interme¬ 
diate-frequency stage. The character¬ 
istics of remote-cutoff types are such 
as to enable them to handle both large 
and small input signals with minimum 
distortion over a wide range of signal 
strength. 

Fig. 37 illustrates the construction 
of the grid No. 1 (control grid) in a 
remote-cutoff tube. The remote-cutoff 


CATHODE. PLATE 



SUPPRESSOR GRID SCREEN 
GRID GRID 

Fig. 37—Structure of remote-cutoff grid. 

action is due to the structure of the grid 
which provides a variation in amplifica¬ 
tion factor with change in grid bias. The 
grid No. 1 is wound with open spacing 
at the middle and with close spacing 
at the ends. When weak signals and 
low grid bias are applied to the tube, 
the effect of the non-uniform turn spac¬ 
ing of the grid on cathode emission and 
tube characteristics is essentially the 
same as for uniform spacing. As the 
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grid bias is made more negative to 
handle larger input signals, the electron 
flow from the sections of the cathode 
enclosed by the ends of the grid is 
cut off. The plate current and other 
tube characteristics are then dependent 
on the electron flow through the open 
section of the grid. This action changes 
the gain of the tube so that large 
signals may be handled with minimum 
distortion due to cross-modulation and 
modulation-distortion. 

Fig. 38 shows a typical plate-cur¬ 
rent vs. grid-voltage curve for a remote- 
cutoff type compared with the curve 



Fig. 38 — Plate-current curves for triodes 
having remote-cutoff and uniformly spaced 
grids. 

for a type having a uniformly spaced 
grid. It will be noted that while the 
curves are similar at small grid-bias 
voltages, the plate current of the re¬ 
mote-cutoff tube drops quite slowly 
with large values of bias voltage. This 
slow change makes it possible for the 
tube to handle large signals satisfac¬ 
torily. Because remote-cutoff types can 
accommodate large and small signals, 
they are particularly suitable for use 
in sets having automatic volume con¬ 
trol. Remote-cutoff tubes also are 
known as variable-mu types. 

Class A Power Amplifiers 

As a class A power amplifier, an 
electron tube is used in the output stage 
of a radio or television receiver to sup¬ 
ply a relatively large amount of power 
to the loudspeaker. For this applica¬ 
tion, large power output is of more 
importance than high voltage amplifica¬ 
tion; therefore, gain possibilities are 
sacrificed in the design of power tubes 
to obtain power-handling capability. 

Triodes, pentodes, and beam power 


tubes designed for power amplifier serv¬ 
ice have certain inherent features for 
each structure. Power tubes of the 
triode type for class A service are 
characterized by low power sensitivity, 
low plate-power efficiency, and low dis¬ 
tortion. Power tubes of the pentode 
type are characterized by high power 
sensitivity, high plate-power efficiency 
and, usually, somewhat higher distor¬ 
tion than class A triodes. Beam power 
tubes have higher power sensitivity and 
efficiency than triode or conventional 
pentode types. 

A class A power amplifier is also 
used as a driver to supply power to a 
class AB 2 or a class B stage. It is 
usually advisable to use a triode, rather 
than a pentode, in a driver stage be¬ 
cause of the lower plate impedance 
of the triode. 

Power tubes connected in either 
parallel or push-pull may be employed 
as class A amplifiers to obtain increased 
output. The parallel connection (Fig. 
39) provides twice the output of a 
single tube with the same value of grid- 
signal voltage. With this connection, 
the effective transconductance of the 
stage is doubled, and the effective plate 



Fig. 39—Power amplifier with tubes 
connected in parallel . 


resistance and the load resistance re¬ 
quired are halved as compared with 
single-tube values. 

The push-pull connection (Fig. 40), 
although it requires twice the grid- 
signal voltage, provides increased power 
and has other important advantages 
over single-tube operation. Distortion 
caused by even-order harmonics and 
hum caused by plate-voltage-supply 
fluctuations are either eliminated or 
decidedly reduced through cancellation. 
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Because distortion for push-pull opera¬ 
tion is less than for single-tube opera¬ 
tion, appreciably more than twice 
single-tube output can be obtained with 
triodes by decreasing the load resist¬ 
ance for the stage to a value approach¬ 
ing the load resistance for a single tube. 

For either parallel or push-pull 
class A operation of two tubes, all elec¬ 
trode currents are doubled while all dc 
electrode voltages remain the same as 
for single-tube operation. If a cathode 
resistor is used, its value should be 
about one-half that for a single tube. 



Fig. 40—Power amplifier with tubes 
connected in push-pull. 

If oscillations occur with either type of 
connection, they can often be elimi¬ 
nated by the use of a non-inductive 
resistor of approximately 100 ohms 
connected in series with each grid at 
the socket terminal. 

Operation of power tubes so that 
the grids run positive is inadvisable 
except under conditions such as those 
discussed in this section for class AB 
and class B amplifiers. 

Power-Output Calculations 

Calculation of the power output of 
a triode used as a class A amplifier with 
either an output transformer or a choke 
having low dc resistance can be made 


without serious error from the plate 
family of curves by assuming a resist¬ 
ance load. The proper plate current, 
grid bias, optimum load resistance, and 
per-cent second-harmonic distortion can 
also be determined. The calculations are 
made graphically and are illustrated in 
Fig. 41 for given conditions. The pro¬ 
cedure is as follows: 

(1) Locate the zero-signal bias 
point P by determining the zero-signal 
bias Eco from the formula: 

Zero-signal bias (Ec 0 ) = —(0.68 X Eb)//i 

where E b is the chosen value in volts of 
dc plate voltage at which the tube is to 
be operated, and p is the amplification 
factor of the tube. This quantity is 
shown as negative to indicate that a 
negative bias is used. 

(2) Locate the value of zero-signal 
plate current, I«, corresponding to 
point P. 

(3) Locate the point 2I 0 , which is 
twice the value of I G and corresponds to 
the value of the maximum-signal plate 
current I ma x. 

(4) Locate the point X on the dc 
bias curve at zero volts, E c = 0, corre¬ 
sponding to the value of I m «. 

(5) Draw a straight line XY 
through X and P. 

Line XY is known as the load re¬ 
sistance line. Its slope corresponds to 
the value of the load resistance. The 
load resistance in ohms is equal to 
(Emax — E raIn ) divided by (I ma x — I m m), 
where E is in volts and I is in amperes. 

It should be noted that in the case 
of filament types of tubes, the calcula¬ 
tions are given on the basis of a dc- 
operated filament. When the filament is 
ac-operated, the calculated value of dc 



Fig. 41—Graphic calculations for class A amplifier using a power triode. 
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bias should be increased by approxi¬ 
mately one-half the filament voltage 
rating of the tube. 

The value of zero-signal plate cur¬ 
rent Io should be used to determine the 
plate dissipation, an important factor 
influencing tube life. In a class A am¬ 
plifier under zero-signal conditions, the 
plate dissipation is equal to the power 
input, i.e., the product of the dc plate 
voltage E 0 and the zero-signal dc plate 
current Io. If it is found that the plate- 
dissipation rating of the tube is exceeded 
with the zero-signal bias Ec 0 calculated 
above, it will be necessary to increase 
the bias by a sufficient amount so that 
the actual plate dissipation does not ex¬ 
ceed the rating before proceeding fur¬ 
ther with the remaining calculations. 

For power-output calculations, it 
is assumed that the peak alternating 
grid voltage is sufficient (1) to swing the 
grid from the zero-signal bias value Ec 0 
to zero bias (E c = 0) on the positive 
swing and (2) to swing the grid to a 
value twice the zero-signal bias value 
on the negative swing. During the 
negative swing, the plate voltage and 
plate current reach values of E max and 
I m i n ; during the positive swing, they 
reach values of Emm and Imax. Because 
power is the product of voltage and 
current, Ihe power output Po as shown 
by a watt-meter is given by 

n (Imax—Imin) X (Emax — Emin) 

Po = g 

where E is in volts, I is in amperes, 
and Po is in watts. 

In the output of power-amplifier 
triodes, some distortion is present. This 
distortion is due predominantly to sec¬ 
ond harmonics in single-tube amplifiers. 
The percentage of second-harmonic dis¬ 
tortion may be calculated by the follow¬ 
ing formula: 


of a triode having an amplification fac¬ 
tor of 4.2, a plate-dissipation rating of 
15 watts, and plate-characteristics curves 
as shown in Fig. 41. The tube is to be 
operated at 250 volts on the plate. 

Procedure: For a first approxima¬ 
tion, determine the operating point P 
from the zero-signal bias formula, Ec® 
= -(0.68 X 250) /4.2 = -40.5 volts. 
From the curve for this voltage, it is 
found that the zero-signal plate current 
is 0.08 ampere and, therefore, the plate- 
dissipation rating is exceeded (0.08 X 
250 = 20 watts). Consequently, it is 
necessary to reduce the zero-signal 
plate current to 0.06 ampere at 250 
volts. The grid bias is then —43.5 volts. 
Note that the curve was taken with a 
dc filament supply; if the filament is 
to be operated on an ac supply, the 
bias must be increased by about one- 
half the filament voltage, or to —45 
volts, and the circuit returns made to 
the mid-point of the filament circuit. 

Point X can then be determined. 
Point X is at the intersection of the dc 
bias curve at zero volts with Imax, where 
Imax = 2I 0 = 2 X 0.06 = 0.12 ampere. 
Line XY is drawn through points P and 
X. Emax, Emin, and Imin are then found 
from the curves. When these values 
are substituted in the power-output for¬ 
mula, the following result is obtained: 


« (0.12 - 0.012) X (365 - 105) _ „ M __ 

Po =- g -= 3.52 watts 


The resistance represented by load 


line XY is 

(365 - 105) 
( 0.12 - 0 . 012 ) 


= 2410 ohms 


When the values from the curves 
are substituted in the distortion for¬ 
mula, the following result is obtained: 


0 ^ 0 . 211 . 0,06 

% distortion = 01 j - _ 0 - 0i ^-x 100 = 5.5% 


Imax -f- Im in T 
-2- Io 

% distortion = v-f-X 100 

lmax — imin 

where I® is the zero-signal plate current 
in amperes. If the distortion is exces¬ 
sive, the load resistance should be in¬ 
creased or, occasionally, decreased 
slightly and the calculations repeated. 

Example: Determine the load re¬ 
sistance, power output, and distortion 


It is customary to select the load 
resistance so that the distortion does not 
exceed five per cent. When the method 
shown is used to determine the slope of 
the load-resistance line, the second-har¬ 
monic distortion generally does not ex¬ 
ceed five per cent. In the example, 
however, the distortion is excessive and 
it is desirable, therefore, to use a slightly 
higher load resistance. A load resistance 



Electron Tube Applications 


31 


of 2500 ohms will provide a distortion 
of about 4.9 per cent. The power out¬ 
put is reduced only slightly to 3.5 watts. 

Operating conditions for triodes in 
push-pull depend on the type of opera¬ 
tion desired. Under class A conditions, 
distortion, power output, and efficiency 
are all relatively low. The operating bias 
can be anywhere between that specified 
for single-tube operation and that equal 
to one-half the grid-bias voltage re¬ 
quired to produce plate-current cutoff 
at a plate voltage of 1.4E 0 , where E 0 is 
the operating plate voltage. Higher bias 
than this value requires higher grid- 
signal voltage and results in class ABi 
operation, which is discussed later. 

The method for calculating maxi¬ 
mum power output for triodes in push- 
pull class A operation is as follows: 
Erect a vertical line at 0.6 E 0 (see Fig. 
42), intersecting the E c = 0 curve at the 
point Imax. Then, Imax is determined 
from the curve for use in the formula 

Po — (Imax X Eo)/5 

If Imax is expressed in amperes and E c 
in volts, power output is in watts. 


Example: Assume that the plate 
voltage (E 0 ) is to be 300 volts, and the 
plate-dissipation rating of the tube is 15 
watts. Then, for class A operation, the 
operating bias can be equal to, but not 
more than, one-half the grid bias for 
cutoff with a plate voltage of 1.4 X 300 
= 420 volts. (Since cutoff bias is ap¬ 
proximately — 115 volts at a plate volt¬ 
age of 420 volts, one-half of this value 
is —57.5 volts bias.) At this bias, the 
plate current is found from the plate 
family to be 0.054 ampere and, there¬ 
fore, the plate dissipation is 0.054 X 
300 or 16.2 watts. Since —57.5 volts 
is the limit of bias for class A opera¬ 
tion of these tubes at a plate voltage 
of 300 volts, the dissipation cannot be 
reduced by increasing the bias and it 
becomes necessary to reduce the plate 
voltage. 

If the plate voltage is reduced to 
250 volts, the bias will be found to be 
—43.5 volts. For this value, the plate 
current is 0.06 ampere, and the plate 
dissipation is 15 watts. Then, following 
the method for calculating power out¬ 
put, erect a vertical line at 0.6E o =150 



Fig. 42—Graphic calculations for push-pull class A amplifier using a power triode. 

The method for determining the 
proper load resistance for triodes in 
push-pull is as follows: Draw a load line 
through Imax on the zero-bias curve and 
through the E 0 point on the zero-current 
axis. Four times the resistance repre¬ 
sented by this load line is the plate-to- 
plate load (R PP ) for two triodes in a 
class A push-pull amplifier. Expressed 
as a formula, 

R pp = 4 x (Eo — 0.6Eo)/Imax 

where E 0 is expressed in volts, I max in 
amperes, and R PP in ohms. 


volts. The intersection of the line with 
the curve E c = 0 is I ma x or 0.2 ampere. 
When this value is substituted in the 
power formula, the power output is 
(0.2 X 250)/5 = 10 watts. The load 
resistance is determined from the load 
formula: Plate-to-plate load (R PP ) = 4 
X (250 - 150)/0.2 = 2000 ohms. 

Power output for a pentode or a 
beam power tube as a class A amplifier 
can be calculated in much the same 
way as for triodes. Calculations can be 
made graphically from a special plate 
family of curves, as shown in Fig. 43. 
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Fig. 43—Graphic calculations for class A amplifier using a pentode or beam power tube. 


From a point A at or just below 
the knee of the zero-bias curve, draw 
arbitrarily selected load lines to inter¬ 
sect the zero-plate-current axis. These 
lines should be on both sides of the 
operating point P, whose position is 
determined by the desired operating 
plate voltage, E c , and one-half the 
maximum-signal plate current. Along 
any load line, say AAi, measure the 
distance AOi. On the same line, lay 
off an equal distance, O 1 A 1 . For opti¬ 
mum operation, the change in bias from 
A to Oi should be nearly equal to the 
change in bias from Oi to Ai. If this 
condition can not be met with one line, 
as is the case for the line first chosen, 
then another should be chosen. When 
the most satisfactory line has been se¬ 
lected, its resistance may be determined 
by the following formula: 

Load resistance (Rl) = ~~ T Em>n 

linax — lmin 

The value of Rl may then be sub¬ 
stituted in the following formula for 
calculating power output. 

_ [Imax— lmin -f- 1.41 (lx — Iy)] 2 Rl 

P.= -- 

In both of these formulas, I is in 
amperes, E is in volts, Rl is in ohms, 
and P 0 is in watts. I* and I y are the cur¬ 
rent values on the load line at bias volt¬ 
ages of Eci = V - 0.707V = 0.293V 
and Ed = V + 0.707V = 1.707V, re¬ 
spectively. 

Calculations for distortion mav be 
made by means of the following formu¬ 


las. The terms used have already been 
defined. 

% 2nd-harmonic distortion = 

Imax 4- lmin — 2 lo _ 

Imax - lmin + 1.41 (lx - Iy) * 

% 3rd-harmonic distortion = 

Imax — lmin — 1.41 (lx — Iy) 

Imax - lmin + 1.41 (lx - Iy) * 

% total (2n d and 3rd) harmonic distortion = 
V(% 2nd) 2 -f- (% 3rd) 2 

Conversion Factors 

Operating conditions for voltage 
values other than those shown in the 
published data can be obtained by use 
of the nomograph shown in Fig. 44 
when all electrode voltages are changed 
simultaneously in the same ratio. The 
nomograph includes conversion factors 
for current (Fi), power output (F p ), 
plate resistance or load resistance (F»), 
and transconductance (F gm ) for voltage 
ratios between 0.5 and 2.0. These fac¬ 
tors are expressed as functions of the 
ratio between the desired or new volt¬ 
age for any electrode (E d es) and the 
published or original value of that volt¬ 
age (Epub). The relations shown are ap¬ 
plicable to triodes and multigrid tubes 
in all classes of service. 

To use the nomograph, simply 
place a straight-edge across the page so 
that it intersects the scales for E<te» and 
Epub at the desired values. The desired 
conversion factor may then be read 
directly or estimated at the point where 
the straight-edge intersects the Fi, F p 
F r , or Fgm scale. 
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For example, suppose it is desired of characteristics is necessarily an ap- 

to operate two 6L6GC’s in class Ai proximation, the accuracy of the nomo- 

push-pull, fixed bias, with a plate volt- graph decreases progressively as the 

age of 200 volts. The nearest published ratio E d e»/E P ub departs from unity. In 

operating conditions for this class of general, results are substantially correct 

service are for a plate voltage of 250 when the value of the ratio Ede>/Ep„b is 

volts. The operating conditions for the between 0.7 and 1.5. Beyond these lim- 

new plate voltage can be determined its, the accuracy decreases rapidly, and 

as follows: the results obtained must be considered 

The voltage conversion factor, F e , rough approximations, 
is equal to 200/250 or 0.8. The dashed The nomograph does not take into 

lines on the nomograph of Fig. 44 indi- consideration the effects of contact po- 

cate that for this voltage ratio Fi is tential or secondary emission in tubes, 

approximately 0.72, F P is approximately Because contact-potential effects be- 

0.57, F r is 1.12, and F* m is approxi- come noticeable only at very small dc 

mately 0.892. These factors may be grid-No. 1 (bias) voltages, they are 

applied directly to operating values generally negligible in power tubes, 

shown in the tube data, or to values Secondary emission may occur in con- 

calculated by the methods described ventional tetrodes, however, if the plate 

previously. voltage swings below the grid-No. 2 

Because this method for conversion voltage. Consequently, the conversion 


Fr Fgm Ed«s Epub Edes Fi Fp 



Fig. 44—Nomograph of tube conversion factors . 
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factors shown in the nomograph apply 
to such tubes only when the plate volt¬ 
age is greater than the grid-No. 2 volt¬ 
age. Because secondary emission may 
also occur in certain beam power tubes 
at very low values of plate current and 
plate voltage, the conversion factors 
shown in the nomograph do not apply 
when these tubes are operated under 
such conditions. 

Class AB Power Amplifiers 

A class AB power amplifier em¬ 
ploys two tubes connected in push-pull 
with a higher negative grid bias than is 
used in a class A stage. With this higher 
negative bias, the plate and screen- 
grid voltages can usually be made 
higher than for class A amplifiers be¬ 
cause the increased negative bias holds 
plate current within the limit of the 
tube plate-dissipation rating. As a result 
of these higher voltages, more power 
output can be obtained from class AB 
operation. 

Class AB amplifiers are subdivided 
into class AB X and class AB 2 . In class 
ABi, there is no flow of grid current. 
That is, the peak signal voltage applied 
to each grid is not greater than the 
negative grid-bias voltage. The grids 
therefore are not driven to a positive 
potential and do not draw current. In 
class AB 2 , the peak signal voltage is 
greater than the bias so that the grids 
are driven positive and draw current. 


Because of the flow of grid current 
in a class AB 2 stage, there is a loss of 
power in the grid circuit. The sum of 
this loss and the loss in the input trans¬ 
former is the total driving power re¬ 
quired by the grid circuit. The driver 
stage should be capable of a power 
output considerably larger than this re¬ 
quired power in order that distortion 
introduced in the grid circuit be kept 
low. The input transformer used in a 
class AB 2 amplifier usually has a step- 
down turns ratio. 

Because of the large fluctuations of 
plate current in a class AB a stage, it is 
important that the plate power supply 
have good regulation. Otherwise the 
fluctuations in plate current cause fluc¬ 
tuations in the voltage output of the 
power supply, with the result that power 
output is decreased and distortion is in¬ 
creased. To obtain satisfactory regula¬ 
tion, it is usually advisable to use a 
low-drop rectifier, such as the 5V4GA, 
with a choke-input filter. In all cases, 
the resistance of the choke and trans¬ 
formers should be as low as possible. 

Class ABi Power Amplifiers 

In class ABi push-pull amplifier 
service using triodes, the operating 
conditions may be determined graphi¬ 
cally by means of the plate family if 
Eo, the desired operating plate voltage, 
is given. In this service, the dynamic 
load line does not pass through the 
operating point P as in the case of the 



PLATE VOLTS 


GRIO VOLTS 


Fig. 45—Graphic calculations for class AB t amplifier Fig. 46—Instantaneous curve 
using a power triode. for class AB t amplifier . 
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output. Grid bias cannot be neglected, 
however, since it is used to find the 
zero-signal plate current and, from it, 
the zero-signal plate dissipation. Be¬ 
cause the grid bias is higher in class 
ABi than in class A service for the same 
plate voltage, a higher signal voltage 
may be used without grid current be¬ 
ing drawn and, therefore, higher power 
output is obtained. 

In general, for any load line 
through point D, Fig. 45, the plate-to- 
plate load resistance in ohms of a push- 
pull amplifier is R PP = 4E 0 /T, where 
V is the plate-current value in am¬ 
peres at which the load line as pro¬ 
jected intersects the plate-current axis, 
and Eo is in volts. This formula is an¬ 
other form of the one given under push- 
pull class A amplifiers, R PP = 4(E 0 — 
0.6E o )/Im*x, but is more general. Power 
OUtpUt — (Imax W2f X R PP /4, where 
Imax is the peak plate current at zero 
grid volts for the load chosen. This 
formula simplified is (I max ) 2 X R PP /8. 
The maximum-signal average plate cur¬ 
rent is 2Imax/7r or 0.636 Imaxj the maxi¬ 
mum-signal average power input is 
0.636 Imax X Eo. 

It is desirable to simplify these 
formulas for a first approximation. This 
simplification can be made if it is as¬ 
sumed that the peak plate current, I max, 
occurs at the point of the zero-bias 
curve corresponding approximately to 
0.6 Eo, the condition for maximum 
power output. The simplified formulas 
are: 


Po (for two tubes) = (Imax X Eo)/5 
Rpp — 1.6Eo/Imax 

where E 0 is in volts, Imax is in amperes, 
R PP is in ohms, and Po is in watts. 

It may be found during subsequent 
calculations that the distortion or the 
plate dissipation is excessive for this ap¬ 
proximation; in that case, a different 
load resistance must be selected, using 
the first approximation as a guide, and 
the process repeated to obtain satisfac¬ 
tory operating conditions. 

Example: Fig. 45 illustrates the 
application of this method to a pair of 
power triodes operated at E« = 300 
volts. Each tube has a plate-dissipation 
rating of 15 watts. The method is to 


erect a vertical line at 0.6E o , or at 180 
volts, which intersects the E c = 0 curve 
at the point Imax — 0.26 ampere. Using 
the simplified formulas, the following 
values are obtained: 


Rpp = (1.6 X 300)/0.26 = 1845 ohms 
Po = (0.26 X 300)/5 = 15.6 watts 

At this point, it is well to determine 
the plate dissipation and to compare 
it with the maximum rated value. 
From the average-plate-current formula 
(0.636 I max ) mentioned previously, the 
maximum-signal average plate current 
is 0.166 ampere. The product of this 
current and the operating plate voltage 
is 49.8 watts, the average input to the 
two tubes. From this value, subtract 
the power output of 15.6 watts to ob¬ 
tain the total dissipation for both tubes, 
which is 34.2 watts. Half of this value, 
17 watts, is in excess of the 15-watt 
rating of the tube and it is necessary, 
therefore, to assume another and higher 
load resistance so that the plate-dissipa¬ 
tion rating will not be exceeded. 

It will be found that at an operat¬ 
ing plate voltage of 300 volts the tubes 
require a plate-to-plate load resistance 
of 3000 ohms. From the formula for 
R PP , the value of I' is found to be 0.4 
ampere. The load line for the 3000- 
ohm load resistance is then represented 
by a straight line from the point I' = 
0.4 ampere on the plate-current ordi¬ 
nate to the point E 0 = 300 volts on 
the plate-voltage abscissa. At the inter¬ 
section of the load line with the zero- 
bias curve, the peak plate current, l m «*. 
can be read at 0.2 ampere. Then 


Po — (Imax/ V2)- x Rpj>/4 
= (0.2/1.41)2 x 3000/4 
= 15 watts 


Proceeding as in the first approxima¬ 
tion, it is found that the maximum- 
signal average plate current, 0.636I, n a T » 
is 0.127 ampere, and the maximum- 
signal average power input is 38.1 watts. 
This input minus the power output is 
38.1 — 15 = 23.1 watts. This value is 
the dissipation for two tubes; the value 
per tube is 11.6 watts, a value well 
within the rating of this tube type. 

The operating bias and the zero- 
signal plate current may then be found 
by use of a curve which is derived from 
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the plate family and the load line. Fig. 
46 is a curve of instantaneous values of 
plate current and dc grid-bias voltages 
taken from Fig. 45. Values of grid bias 
are read from each of the grid-bias 
curves of Fig. 45 along the load line 
and are transferred to Fig. 46 to pro¬ 
duce the curved line from A to C. A 
tangent to this curve, starting at A, is 
drawn to intersect the grid-voltage 
abscissa. The point of intersection, B, 
is the operating grid bias for fixed-bias 
operation. In the example, the bias is 
—60 volts. Refer back to the plate 
family at the operating conditions of 
plate volts = 300 and grid bias = — 60 
volts; the zero-signal plate current per 
tube is seen to be 0.04 ampere. 

This procedure locates the operat¬ 
ing point for each tube at P. The plate 
current must be doubled, of course, to 
obtain the zero-signal plate current for 
both tubes. Under maximum-signal con¬ 
ditions, the signal voltage swings from 
zero-signal bias voltage to zero bias for 
each tube on alternate half cycles. 
Hence, in the example, the peak of sig¬ 
nal voltage per tube is 60 volts, or the 
grid-to-grid value is 120 volts. 

As in the case of the push-pull class 
A amplifier, the second-harmonic dis¬ 
tortion in a class ABi amplifier using 
triodes is very small and is largely can¬ 
celed by virtue of the push-pull con¬ 
nection. Third-harmonic distortion, 
however, which may be larger than 
permissible, can be found by means of 
composite characteristic curves. A com¬ 
plete family of curves can be plotted, 
but for the present purpose only the one 
corresponding to a grid bias of one-half 
the peak grid-voltage swing is needed. 
In the example, the peak grid voltage 
per tube is 60 volts, and the half value 
is 30 volts. The composite curve, since 
it is nearly a straight line, can be con¬ 
structed with only two points (see Fig. 
45). These two points are obtained from 
deviations above and below the operat¬ 
ing grid and plate voltages. 

In order to find the curve for a 
bias of —30 volts, a deviation of 30 
volts from the operating grid voltage 
of —60 volts is assumed. Next assume 
a deviation from the operating plate 
voltage of, say, 40 volts. Then at 300 


—40 = 260 volts, erect a vertical line 
to intersect the (—60) — (—30) = -30- 
volt bias curve and read the plate cur¬ 
rent at this intersection, which is 0.167 
ampere; likewise, at the intersection 
of a vertical line at 300 -f 40 = 340 
volts and the (—60) -f (—30) = -90- 
volt bias curve, read the plate current. 
In this example, the plate current is 
estimated to be 0.002 ampere. The dif¬ 
ference of 0.165 ampere between these 
two currents determines the point E 
on the 300 — 40 = 260-volt vertical. 
Similarly, another point F on the same 
composite curve is found by assuming 
the same grid-bias deviation but a 
larger plate-voltage deviation, say, 100 
volts. 

These steps provide points at 260 
volts and 0.165 ampere (E), and at 200 
volts and 0.045 ampere (F). A straight 
line through these points is the com¬ 
posite curve for a bias of —30 volts, 
shown as a long-short dash line in Fig. 
45. At the intersection of the composite 
curve and the load line, G, the instan¬ 
taneous composite plate current at the 
point of one-half the peak signal swing 
is determined. This current value, desig¬ 
nated Io.s and the peak plate current, 
Imax, are used in the following formula 
to find the peak value of the third- 
harmonic component of plate current. 

Itl3 = (2 Io. 5 — Imax) /3 

In the example, where Io.b is 0.097 am¬ 
pere and Imax is 0.2 ampere, I h s = 
(2 X 0.097 - 0.2)/3 = (0.194 - 0.2)/3 
= —0.006/3 = —0.002 ampere. (The 
fact that I h3 is negative indicates that the 
phase relation of the fundamental (first- 
harmonic) and third-harmonic com¬ 
ponents of the plate current is such as 
to result in a slightly peaked wave form. 
I h 3 is positive in some cases, indicating 
a flattening of the wave form.) 

The peak value of the fundamental 
or first-harmonic component of the plate 
current is found by the following 
formula: 

Illi — 2/3 X (Imax -f- Io.o) 

In the example, Im = 2/3 x (0.2 -f 
0.097) = 0.198 ampere. Thus, the per¬ 
centage of third-harmonic distortion is 
(WIui) X 100 = (0.002/0.198) X 100 
= 1 per cent approx. 
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Class Alh Power Amplifiers 

A class AB 2 amplifier employs two 
tubes connected in push-pull as in the 
case of class ABi amplifiers. It differs 
in that it is biased so that plate cur¬ 
rent flows for somewhat more than half 
the electrical cycle but less than the 
full cycle, the peak signal voltage is 
greater than the dc bias voltage, grid 
current is drawn, and, consequently, 
power is consumed in the grid circuit. 
These conditions permit high power out¬ 
put to be obtained without excessive 
plate dissipation. 

The sum of the power used in the 
grid circuit and the losses in the input 
transformer is the total driving power 
required by the grid circuit. The driver 
stage should be capable of a power out¬ 
put considerably larger than this re¬ 
quired power in order that distortion 
introduced in the grid circuit be kept 
low. In addition, the internal impedance 
of the driver stage as reflected into or 
as effective in the grid circuit of the 
power stage should always be as low as 
possible in order that distortion may be 
kept low. The input transformer used 
in a class AB 2 stage usually has a step- 
down ratio adjusted for this condition. 

Load resistance, plate dissipation, 
power output, and distortion determina¬ 
tions are similar to those for class ABi. 
These quantities are interdependent 
with peak grid-voltage swing and driv¬ 
ing power; a satisfactory set of operat¬ 
ing conditions involves a series of 
approximations. The load resistance and 
signal swing are limited by the per¬ 
missible grid current and power and the 
distortion. If the load resistance is too 
high or the signal swing is excessive, the 
plate-dissipation rating will be exceeded, 
distortion will be high, and the driving 
power will be unnecessarily high. 

Class B Power Amplifiers 
A class B amplifier employs two 
tubes connected in push-pull, so biased 
that plate current is almost zero when 
no signal voltage is applied to the grids. 
Because of this low value of no-signal 
plate current, class B amplification has 
the same advantage as class AB 2 , i.e., 
large power output can be obtained 
without excessive plate dissipation. 


Class B operation differs from class AB 2 
in that plate current is cut off for a 
larger portion of the negative grid 
swing, and the signal swing is usually 
larger than in class AB 2 operation. 

Because certain triodes used as 
class B amplifiers are designed to op¬ 
erate very close to zero bias, the grid 
of each tube is at a positive potential 
during all or most of the positive half¬ 
cycle of its signal swing. In this type of 
triode operation, considerable grid cur¬ 
rent is drawn and there is a loss of 
power in the grid circuit. This condi¬ 
tion imposes the same requirement in 
the driver stage as in a class AB 2 stage; 
i.e., the driver should be capable of de¬ 
livering considerably more power out¬ 
put than the power required for the 
grid circuit of the class B amplifier so 
that distortion will be low. Similarly, 
the interstage transformer between the 
driver and the class B stage usually has 
a step-down turns ratio. Because of the 
high dissipations involved in class B 
operation at zero bias, it is not feasible 
to use tetrodes or pentodes in this type 
of class B operation. 

Determination of load resistance, 
plate dissipation, power output, and dis¬ 
tortion is similar to that for a class AB 2 
stage. 

Power amplifier tubes designed for 
class A operation can be used in class 
AB 2 and class B service under suitable 
operating conditions. There are several 
tube types designed especially for class 
B service. The characteristic common to 
all of these types is a high amplifica¬ 
tion factor. With a high amplification 
factor, plate current is small even when 
the grid bias is zero. These tubes, there¬ 
fore, can be operated in class B service 
at a bias of zero volts so that no bias 
supply is required. A number of class B 
amplifier tubes consist of two triode 
units mounted in one tube. The two 
units can be connected in push-pull so 
that only one tube is required for a 
class B stage. 


Cathode-Drive Circuits 
The preceding text has discussed 
the use of tubes in the conventional 
grid-drive type of amplifier—that is, 
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where the cathode is common to both 
the input and output circuits. Tubes 
may also be employed as amplifiers in 
circuit arrangements which utilize the 
grid or plate as the common terminal. 
Probably the most important of these 
amplifiers are the cathode-drive circuit, 
which is discussed below, and the cath¬ 
ode-follower circuit, which will be dis¬ 
cussed later in connection with inverse 
feedback. 

A typical cathode-drive circuit is 
shown in Fig. 47. The load is placed in 



Fig. 47 — Cathode-drive circuit. 


the plate circuit and the output voltage 
is taken off between the plate and 
ground as in the grid-drive method of 
operation. The grid is grounded, and 
the input voltage is applied across an 
appropriate impedance in the cathode 
circuit. The cathode-drive circuit is par¬ 
ticularly useful for vhf and uhf applica¬ 
tions, in which it is necessary to obtain 
the low-noise performance usually asso¬ 
ciated with a triode, but where a con¬ 
ventional grid-drive circuit would be 
unstable because of feedback through 
the grid-to-plate capacitance of the 
tube. In the cathode-drive circuit, the 
grounded grid serves as a capacitive 
shield between plate and cathode and 
permits stable operation at frequencies 
higher than those in which conventional 
circuits can be used. 

The input impedance of a cathode- 
drive circuit is approximately equal to 
1/gm when the load resistance is small 
compared to the r P of the tube. A cer¬ 
tain amount of power is required, there¬ 
fore, to drive such a circuit. However, 
in the type of service in which cathode- 
drive circuits are normally used, the 
advantages of the grounded-grid con¬ 
nection usually outweigh this disad¬ 
vantage. 


Inverse Feedback 

An inverse-feedback circuit, some¬ 
times called a degenerative circuit, is 
one in which a portion of the output 
voltage of a tube is applied to the ip- 
put of the same or a preceding tube in 
opposite phase to the signal applied to 
the tube. Two important advantages of 
feedback are (1) reduced distortion from 
each stage included in the feedback cir¬ 
cuit and (2) reduction in the variations 
in gain due to changes in line voltage, 
possible differences between tubes of the 
same type, or variations in the values of 
circuit constants included in the feed¬ 
back circuit. 

Inverse feedback is used in audio 
amplifiers to reduce distortion in the 
output stage where the load impedance 
on the tube is a loudspeaker. Because 
the impedance of a loudspeaker is not 
constant for all audio frequencies, the 
load impedance on the output tube 
varies with frequency. When the output 
tube is a pentode or beam power tube 
having high plate resistance, this varia¬ 
tion in plate load impedance can, if not 
corrected, produce considerable fre¬ 
quency distortion. Such frequency dis¬ 
tortion can be reduced by means of 
inverse feedback. Inverse-feedback cir¬ 
cuits are of the constant-voltage type 
and the constant-current type. 

The application of the constant- 
voltage type of inverse feedback to a 
power-output stage using a single beam 
power tube is illustrated in Fig. 48. In 
this circuit, Ri, R 2 , and C are connected 
as a voltage divider across the output of 
the tube. The secondary winding of the 
grid-input transformer is returned to a 
point on this voltage divider. Capacitor 



Fig. 48 — Power-output stage using constant 
voltage inverse feedback. 
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C blocks the dc plate voltage from the 
grid. However, a portion of the tube 
af output voltage, approximately equal 
to the output voltage multiplied by the 
fraction R 2 /(Ri + R*), is applied to the 
grid. This voltage reduces the source im¬ 
pedance of the circuit and a decrease in 
distortion results which is explained in 
the curves of Fig. 49. 


nent of plate current i' P f. It is evident 
that the irregularity of the waveform of 
this component of plate current would 
act to cancel the original irregularity 
and thus reduce distortion. 

After inverse feedback has been ap¬ 
plied, the relations are as shown in the 
curve for i P . The dotted curve shown by 
iV is the component of plate current 



Consider first the amplifier without 
the use of inverse feedback. Suppose 
that when a signal voltage e s is applied 
to the grid the af plate current i' P has 
an irregularity in its positive half-cycle. 
This irregularity represents a departure 
from the waveform of the input signal 
and is, therefore, distortion. For this 
plate-current waveform, the af plate 
voltage has a waveform shown by e',>. 
The plate-voltage waveform is inverted 
compared to the plate-current wave¬ 
form because a plate-current increase 
produces an increase in the drop across 
the plate load. The voltage at the plate 
is the difference between the drop across 
the load and the supply voltage; thus, 
when plate current goes up, plate volt¬ 
age goes down; when plate current goes 
down, plate voltage goes up. 

Now suppose that inverse feedback 
is applied to the amplifier. The voltage 
fed back to the grid has the same wave¬ 
form and phase as the plate voltage, but 
is smaller in magnitude. Hence, with a 
plate voltage of waveform shown by 
e' P , the feedback voltage appearing on 
the grid is as shown by e' g f. This voltage 
applied to the grid produces a compo- 


due to the feedback voltage on the grid. 
The dotted curve shown by i'„ is the 
component of plate current due to the 
signal voltage on the grid. The algebraic 
sum of these two components gives the 
resultant plate current shown by the 
solid curve of i p . Since i' p is the plate 
current that would flow without inverse 
feedback, it can be seen that the appli¬ 
cation of inverse feedback has reduced 
the irregularity in the output current. 
In this manner inverse feedback acts to 
correct any component of plate current 
that does not correspond to the input 
signal voltage, and thus reduces dis¬ 
tortion. 

From the curve for i P , it can be 
seen that, besides reducing distortion, 
inverse feedback also reduces the ampli¬ 
tude of the output current. Conse¬ 
quently, when inverse feedback is 
applied to an amplifier there is a de¬ 
crease in gain or power sensitivity as 
well as a decrease in distortion. Hence, 
the application of inverse feedback to 
an amplifier requires that more driving 
voltage be applied to obtain full power 
output, but this output is obtained with 
less distortion. 
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Inverse feedback may also be ap¬ 
plied to resistance-coupled stages, as 
shown in Fig. 50. The circuit is conven¬ 
tional except that a feedback resistor, 




c- B-,C+ B+ 

Fig. 50 — Resistance-coupled stages using 
feedback resistor. 

R 3 , is connected between the plates of 
tubes Ti and T 2 . The output signal volt¬ 
age of Ti and a portion of the output 
signal voltage of T 2 appear across R 2 . 
Because the distortion generated in the 
plate circuit of T 2 is applied to its grid 
out of phase with the input signal, the 
distortion in the output of T 2 is com¬ 
paratively low. With sufficient inverse 
feedback of the constant-voltage type 
in a power-output stage, it is not neces¬ 
sary to employ a network of resistance 
and capacitance in the output circuit to 
reduce response at high audio frequen¬ 
cies. Inverse-feedback circuits cap also 
be applied to push-pull class A and class 
AB X amplifiers. 

Constant-current inverse feedback 
is usually obtained by omitting the by¬ 
pass capacitor across a cathode resistor. 
This method decreases the gain and the 
distortion but increases the source im¬ 
pedance of the circuit. Consequently, 
the output voltage rises at the resonant 
frequency of the loudspeaker and ac¬ 
centuates hangover effects. 

Inverse feedback is not generally 
applied to a triode power amplifier be¬ 
cause the variation in speaker imped¬ 
ance with frequency does not produce 
much distortion in a triode stage hav¬ 
ing low plate resistance. It is sometimes 
applied in a pentode stage, but is not 
always convenient. As has been shown, 
when inverse feedback is used in an 
amplifier, the driving voltage must be 
increased in order to provide full power 
output. When inverse feedback is used 
with a pentode, the total driving voltage 
required for full power output may be 
inconveniently large, although still less 



than that required for a triode. Because 
a beam power tube gives full power 
output on a comparatively small driving 
voltage, inverse feedback is especially 
applicable to beam power tubes. By 
means of inverse feedback, the high 
efficiency and high power output of 
beam power tubes can be combined with 
freedom from the effects of varying 
speaker impedance. 


Cathode-Follower Circuits 

Another important application of 
inverse feedback is in the cathode-fol¬ 
lower circuit, an example of which is 
shown in Fig. 51. In this application, the 
load has been transferred from the plate 
circuit to the cathode circuit of the tube. 
The input voltage is applied between 
the grid and ground, and the output 
voltage is obtained between the cathode 
and ground. The voltage amplification 
(V.A.) of this circuit is always less than 
unity and may be expressed by the fol¬ 
lowing convenient formulas. 

For a triode: 

v a - X Rl _ 

* * rp + [Ri.x 0*4- 1)] 

For a pentode: 

Y a _ gm X Rl 

' • ~ 1 + (gm X Rl) 

In these formulas, p is the amplifi¬ 
cation factor, Rl is the load resistance 
in ohms, r P is the plate resistance in 
ohms, and g,„ is the transconductance 
in mhos. 

The use of the cathode follower 
permits the design of circuits which 
have high input resistance and high out¬ 
put voltage. The output impedance is 


Fig. 51 — Cathode-follower circuit. 



quite low and very low distortion may 
be obtained. Cathode-follower circuits 
may be used for power amplifiers or as 
impedance transformers designed either 
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to match a transmission line or to pro¬ 
duce a relatively high output voltage at 
a low impedance level. 

In a power amplifier which is trans¬ 
former coupled to the load, the same 
output power can be obtained from the 
tube as would be obtained in a conven¬ 
tional grid-drive type of amplifier. The 
output impedance is very low and pro¬ 
vides excellent damping to the load, 
with the result that very low distortion 
can be obtained. The peak-to-peak sig¬ 
nal voltage, however, approaches 1V6 
times the plate supply voltage if maxi¬ 
mum power output is required from the 
tube. Some problems may be encoun¬ 
tered, therefore, in the design of an 
adequate driver stage for a cathode- 
follower output system. 

When a cathode-follower circuit is 
used as an impedance transformer, the 
load is usually a simple resistance in 
the cathode circuit of the tube. With 
relatively low values of cathode resistor, 
the circuit may be designed to supply 
significant amounts of power and to 
match the impedance of the device to 
a transmission line. With somewhat 
higher values of cathode resistor, the 
circuit may be used to decrease the out¬ 
put impedance sufficiently to permit the 
transmission of audio signals along a 
line in which appreciable capacitance 
is present. 

The cathode follower may also be 
used as an isolation device to provide 
extremely high input resistance and low 
input capacitance as might be required 
in the probe of an oscilloscope or 
vacuum-tube voltmeter. Such circuits 
can be designed to provide effective 
impedance transformation with no sig¬ 
nificant loss of voltage. 

Selection of a suitable tube and its 
operating conditions for use in a cath¬ 
ode-follower circuit having a specified 
output impedance (Z«) can be made, in 
most practical cases, by the use of the 
following formula to determine the ap¬ 
proximate value of the required tube 
transconductance. 

Required g,„ (/.mhos) = Zo (ohms) 

Once the required transconductance 
is obtained, a suitable tube and its oper¬ 
ating conditions may be determined 


from the technical data given in the 
Technical Data section. The tube se¬ 
lected should have a value of transcon¬ 
ductance slightly lower than that 
obtained from the above expression to 
allow for the shunting effect of the cath¬ 
ode load resistance. The conversion 
nomograph given in Fig. 44 may be 
used for calculation of operating condi¬ 
tions for values of transconductance not 
included in the tabulated data. After 
the operating conditions have been de¬ 
termined, the approximate value of the 
required cathode load resistance may be 
calculated from the following formulas. 
For a triode: 


Cathode Rr, = 

For a pentode: 


Zo x r P _ 

r P — [Zo X (1 + M)] 


Cathode Rr. = 


Zo 

1 — (gm X Zo) 


Resistance and impedance values are in 
ohms; transconductance values are in 
mhos. 

If the value of the cathode load re¬ 
sistance calculated to provide the re¬ 
quired output impedance does not 
provide the required operating bias, the 
basic cathode-follower circuit can be 
modified in a number of ways. Two of 
the more common modifications are 
shown in Figs. 52 and 53. 

In Fig. 52 the bias is increased by 
adding a bypassed resistance between 



Fig. 52 — Cathode-follower circuit modified 
for increased bias. 


the cathode and the unbypassed load 
resistance and returning the grid to the 
low end of the load resistance. In Fig. 
53 the bias is reduced by adding a by¬ 
passed resistance between the cathode 
and the unbypassed load resistance but, 
in this case, the grid is returned to the 
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junction of the two cathode resistors 
so that the bias voltage is only the dc 
voltage drop across the added resistance 
The size of the bypass capacitor should 
be large enough so that it has negligible 
reactance at the lowest frequency to be 
handled. In both cases the B-supply 
should be increased to make up for the 
voltage taken for biasing. 



Fig . 53 — Cathode-follower circuit modified 
for reduced bias. 


Example: Select a suitable tube 
and determine the operating conditions 
and circuit components for a cathode- 
follower circuit having an output im¬ 
pedance that will match a 500-ohm 
transmission line. 

Procedure: First, determine the ap¬ 
proximate transconductance required. 

„ . . 1 , 000,000 AnAA . 

Required gm = —^qq -= 2000 /xmhos 

A survey of the tubes that have a 
transconductance in this order of mag¬ 
nitude shows that type 12AX7A is among 
the tubes to be considered. Referring to 
the characteristics given in the technical 
data section for one triode unit of high- 
mu twin triode 12AX7, we find that for 
a plate voltage of 250 volts and a bias 
of —2 volts, the transconductance is 
1600 micromhos, the plate resistance is 
62500 ohms, the amplification factor is 
100, and the plate current is 0.0012 am¬ 
pere. When these values are used in the 
expression for determining the cathode 
load resistance, the following result is 
obtained: 


Cathode Rl= 


500 X 62500 
62500-500XC1004-1) 


=2600 ohms 


The voltage across this resistor for 
a plate current of 0.0012 ampere is 
2600 X 0.0012 = 3.12 volts. Because 


the required bias voltage is only —2 
volts, the circuit arrangement given in 
Fig. 53 is employed. The bias is fur¬ 
nished by a resistance that will have a 
voltage drop of 2 volts when it carries 
a current of 0.0012 ampere. The re¬ 
quired bias resistance, therefore, is 
2/0.0012 = 1670 ohms. If 60 Hz is 
the lowest frequency to be passed, 20 
microfarads is a suitable value for the 
bypass capacitor. The B-supply, of 
course, is increased by the voltage drop 
across the cathode resistance which, in 
this example, is approximately 5 volts. 
The B-supply, therefore, is 250 + 5 
= 255 volts. 

Because it is desirable to eliminate, 
if possible, the bias resistor and bypass 
capacitor, it is worthwhile to try other 
tubes and other operating conditions to 
obtain a value of cathode load resist¬ 
ance which will also provide the re¬ 
quired bias. If the triode section of twin 
diode—high-mu triode 6AT6 is operated 
under the conditions given in the tech¬ 
nical data section with a plate voltage 
of 100 volts and a bias of —1 volt, it 
will have an amplification factor of 70, 
a plate resistance of 54000 ohms, a 
transconductance of 1300 micromhos, 
and a plate current of 0.0008 ampere. 
Then, 

Cathode Rl = 

500 X 54000 

54000 - 500 X (70 + 1) = 1460 ohms 

The bias voltage obtained across 
this resistance is 1460 X 0.0008 = 1.17 
volts. Since this value is for all practical 
purposes close enough to the required 
bias, no addition bias resistance will 
be required and the grid may be re¬ 
turned directly to ground. There is no 
need to adjust the B-supply voltage to 
make up for the drop in the cathode 
resistor. The voltage amplification 
(V.A.) for the cathode-follower circuit 
utilizing the triode section of type 
6AT6 is 

VA -_ 70 X 1460 _ -065 

“ 54000 + 1460 X (70 + 1) ~ 

For applications in which the cath¬ 
ode follower is used to isolate two cir¬ 
cuits—for example, when it is used 
between a circuit being tested and the 
input, stage of an oscilloscope or a 
vacuum-tube voltmeter—voltage output 
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and not impedance matching is the pri¬ 
mary consideration. In such applica¬ 
tions it is desirable to use a relatively 
high value of cathode load resistance, 
such as 50,000 ohms, in order to get the 
maximum voltage output. In order to 
obtain proper bias, a circuit such as 
that of Fig. 53 should be used. With a 
high value of cathode resistance, the 
voltage amplification will approximate 
unity. 

Corrective Filters 

A corrective filter can be used to 
improve the frequency characteristic of 
an output stage using a beam power 
tube or a pentode when inverse feed¬ 
back is not applicable. The filter consists 
of a resistor and a capacitor connected 
in series across the primary of the out¬ 
put transformer. Connected in this way, 
the filter is in parallel with the plate 
load impedance reflected from the voice- 
coil by the output transformer. The 
magnitude of this reflected impedance 
increases with increasing frequency in 
the middle and upper audio range. The 
impedance of the filter, however, de¬ 
creases with increasing frequency. It 
follows that, by use of the proper values 
for the resistance and the capacitance 
in the filter, the effective load impedance 
on the output tubes can be made prac¬ 
tically constant for all frequencies in 
the middle and upper audio range. The 
result is an improvement in the fre¬ 
quency characteristic of the output 
stage. 

The resistance to be used in the 
filter for a push-pull stage is 1.3 times 
the recommended plate-to-plate load re¬ 
sistance; or, for a single-tube stage, is 
1.3 times the recommended plate load 
resistance. The capacitance in the filter 
should have a value such that the volt¬ 
age gain of the output stage at a fre¬ 
quency of 1000 Hz or higher is equal 
to the voltage gain at 400 Hz. 


A method of determining the 
proper value of capacitance for the fil¬ 
ter is to make two measurements of the 
output voltage across the primary of 
the output transformer: first, when a 
400-Hz signal is applied to the input, 
and second, when a 1000-Hz signal 
of the same voltage as the 400-Hz 
signal is applied to the input. The cor¬ 
rect value of capacitance is the one 
which gives equal output voltages for 
the two signal inputs. In practice, this 
value is usually found to be in the order 
of 0.05 microfarad. 

Phonograph and Tape Preamplifiers 

The frequency range and dynamic 
range* which can be recorded on a 
phonograph record or on magnetic tape 
depend on several factors, including the 
composition, mechanical characteristics, 
and speed of the record or tape, and 
the electrical and mechanical character¬ 
istics of the recording equipment. To 
achieve wide frequency and dynamic 
ranges, manufacturers of commercial 
recordings use equipment which intro¬ 
duces a nonuniform relationship be¬ 
tween amplitude and frequency. This 
relationship is known as a “recording 
characteristic.” To assure proper re¬ 
production of a high-fidelity recording, 
therefore, some part of the reproducing 
system must have a frequency-response 
characteristic which is the inverse of 
the recording characteristic. Most manu¬ 
facturers of high-fidelity recordings use 
the RIAA characteristic for discs and 
the NARTB characteristic for mag¬ 
netic tape. 

The simplest type of equalization 
network is shown in Fig. 54. Because 
the capacitor C is effectively an open 
circuit at low frequencies, the low fre¬ 
quencies must be passed through the 
resistor R and are attenuated. The ca¬ 
pacitor has a lower reactance at high 



Fig. 54—Simple RC frequency-compensation network. 

* The dynamic range of an amplifier is a measure of its signal-handling capability. The 
dynamic range expresses in dB the ratio of the maximum usable output signal (generally 
for a distortion of about 10 per cent) to the minimum usable output signal (generally for 
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable; 
a value of 70 dB is exceptional for any audio system. 
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frequencies, however, and bypasses 
high-frequency components around R so 
that they receive negligible attenuation. 
Thus the network effectively “boosts” 
the high frequencies. This type of equal¬ 
ization is called “attenuative.” 

Some typical preamplifier stages 
are shown in the Circuits section. The 
location of the frequency-compensating 
network or “equalizer” in the repro¬ 
ducing system will depend on the types 
of recordings which are to be repro¬ 
duced and on the pickup devices used. 

A ceramic high-fidelity phonograph 
pickup is usually designed to provide 
proper compensation for the RIAA re¬ 
cording characteristic when the pickup 
is operated into the load resistance spec¬ 
ified by its manufacturer. Because this 
type of pickup also has relatively high 
output (0.5 to 1.5 volts), it does not 
require the use of either an equalizer 
network or a preamplifier, and can be 
connected directly to the input of a 
tone-control amplifier and/or power 
amplifier. 

A magnetic high-fidelity phono¬ 
graph pickup, on the other hand, usually 
has an essentially flat frequency-re¬ 
sponse characteristic and very low out¬ 
put (1 to 10 millivolts). Because a 
pickup of this type merely reproduces 
the recording characteristic, it must be 
followed by an equalizer network, as 
well as by a preamplifier having suf¬ 
ficient voltage gain to provide the input 
voltage required by the tone-control 
amplifier and/or power amplifier. Many 
designs include both the equalizing and 
amplifying circuits in a single unit. 

A high-fidelity magnetic-tape pick¬ 
up head, like a magnetic phonograph 
pickup, reproduces the recording char¬ 
acteristic and has an output of only a 
few millivolts. This type of pickup de¬ 
vice, therefore, must also be followed 
by an equalizing network and pream¬ 
plifier, or by a preamplifier which pro¬ 
vides “built-in” equalization for the 
NARTB characteristic. 


Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a portion 
of the output signal to the input circuit 
of an amplifier. The feedback signal 
may be returned in phase with the input 
signal (positive or regenerative feed¬ 
back) or 180 degrees out of phase with 
the input signal (negative, inverse, or 
degenerative feedback). In either case, 
the feedback can be made proportional 
to either the output voltage or the out¬ 
put current, and can be applied to either 
the input voltage or the input current. 
A negative feedback signal proportional 
to the output current raises the output 
impedance of the amplifier; negative 
feedback proportional to the output 
voltage reduces the output impedance. 
A negative feedback signal applied to 
the input current decreases the input 
impedance; negative feedback applied 
to the input voltage increases the input 
impedance. Opposite effects are pro¬ 
duced by positive feedback. 

A simple negative or inverse feed- 
frequency boost is shown in Fig. 55. 
back network which provides high- 
This network provides equalization 
comparable to that obtained with Fig. 
54, but is more suitable for low-level 
amplifier stages because it does not re¬ 
quire the first amplifier stage to provide 
high-level low frequencies. In addition, 
the inverse feedback improves the dis¬ 
tortion characteristics of the amplifier. 

Some preamplifier or low-level 
audio amplifier circuits include variable 
resistors or potentiometers which func¬ 
tion as volume or tone controls. Such 
circuits should be designed to minimize 
the flow of dc currents through these 
controls so that little or no noise will 
be developed by the movable contact 
during the life of the circuit. Volume 
controls and their associated circuits 
should permit variation of gain from 
zero to maximum, and should attenuate 
all frequencies equally for all positions 
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Fig. 55 — Negative-feedback frequency-compensation network . 
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of the variable arm of the control. Sev¬ 
eral examples of volume controls and 
tone controls are shown in the Circuits 
section. 

Tone Controls 

A tone control is a variable filter 
(or one in which at least one element is 
adjustable) by means of which the user 
may vary the frequency response of an 
amplifier to suit his own taste. In radio 
receivers and home amplifiers, the tone 
control usually consists of a resistance- 
capacitance network in which the resist¬ 
ance is the variable element. 

The simplest form of tone control 
is a fixed tone-compensating or “equaliz¬ 
ing” network such as that shown in 
Fig. 56. This type of network is often 



Fig. 56 — Tone-control circuit for fixed tone 
compensation or “equalizing 


used to equalize the low- and high-fre¬ 
quency response of a crystal phono¬ 
graph pickup. At low frequencies the 
attenuation of this network is 20.8 dB. 
As the frequency is increased, the 
100-picofarad capacitor serves as a 
bypass for the 5-megohm resistor, and 
the combined impedance of the resistor- 
capacitor network is reduced. Thus, 
more of the crystal output appears 
across the 0.5-megohm resistor at high 


frequencies than at low frequencies, and 
the frequency response at the grid is 
reasonably flat over a wide frequency 
range. Fig. 57 shows a comparison be¬ 
tween the output of the crystal (curve 
A) and the output of the equalizing 
network (curve B). The response curve 



Fig. 57—Curve showing output from 
crystal phonograph pickup (A) and from 
equalizing network (B). 


can be “flattened” still more if the 
attenuation at low frequencies is in¬ 
creased by changing the 0.5-megohm 
resistor to 0.125 megohm. 

The tone-control network shown in 
Fig. 58 has two stages with completely 
separate bass and treble controls. Fig. 
59 shows simplified representations of 
the bass control of this circuit when the 
potentiometer is turned to its extreme 
variations (usually labeled “Boost” and 
“Cut”). In this network, as in the crys¬ 
tal-equalizing network shown in Fig. 
56, the parallel RC combination is the 
controlling factor. For bass “boost,” the 
capacitor C 2 bypasses resistor R 3 so that 
less impedance is placed across the out¬ 
put to grid B at high frequencies than 
at low frequencies. For bass “cut,” the 
parallel combination is shifted so that 
Ci bypasses R 3 , causing more high- 
frequency than low-frequency output. 
Essentially, the network is a variable- 



Fig. 58 — Two-stage tone-control circuit incorporating separate bass and treble controls. 


on 
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frequency voltage divider. With proper 
values for the components, it may be 
made to respond to changes in the R 3 
potentiometer setting for only low fre¬ 
quencies (below 1000 Hz). 


BASS BOOST BASS CUT 



Fig. 59—Simplified representations of bass- 
control circuit at extreme ends of 
potentiometer. 


Fig. 60 shows extreme positions of 
the treble control. The attenuation of 
the two circuits is approximately the 
same at 1000 Hz. The treble “boost” 
circuit is similar to the crystal-equaliz¬ 
ing network shown in Fig. 56. In the 
treble “cut” circuit, the parallel RC ele¬ 
ments serve to attenuate the signal volt¬ 
age further because the capacitor by¬ 
passes the resistance across the output. 


TREBLE BOOST TREBLE CUT 

R 4 R 4 



Fig. 60—Simplified representations of 
treble-control circuit at extreme ends of 
potentiometer. 

The effect of the capacitor is negligible 
at low frequencies; beyond 1000 Hz, 
the signal voltage is attenuated at a 
maximum rate of 6 dB per octave. 

The location of a tone-control net¬ 
work is of considerable importance. In 
a typical radio receiver, it may be 
inserted in the plate circuit of the 
power tube, the coupling circuit be¬ 
tween the first af amplifier tube and 
the power tube, or the grid circuit of 
the first tube. In an amplifier using a 
beam power tube or pentode power 
amplifier without negative feedback, it 
is desirable to connect a resistance- 


capacitance filter across the primary of 
the output transformer. This filter may 
be fixed, with a supplementary tone 
control elsewhere, or it may form the 
tone control itself. If the amplifier in¬ 
corporates negative feedback, the tone 
control may be inserted in the feedback 
network or else should be connected to 
a part of the amplifier which is ex¬ 
ternal to the feedback loop. The over¬ 
all gain of a well designed tone-control 
network should be approximately unity. 

Automatic Volume or 
Gain Control 

The chief purpose of automatic 
volume control (avc) or automatic gain 
control (age) in a radio or television 
receiver is to prevent fluctuations in 
loudspeaker volume or picture bright¬ 
ness when the audio or video signal at 
the antenna is fading in and out. 

An automatic volume control cir¬ 
cuit regulates the receiver rf and if gain 
so that this gain is less for a strong sig¬ 
nal than for a weak signal. In this way, 
when the signal strength at the antenna 
changes, the avc circuit reduces the re¬ 
sultant change in the voltage output of 
the last if stage and consequently re¬ 
duces the change in the speaker output 
volume. 

The avc circuit reduces the rf and 
if gain for a strong signal usually by in¬ 
creasing the negative bias of the rf, if, 
and frequency-mixer stage when the 
signal increases. A simple avc circuit is 
shown in Fig. 61. On each positive half¬ 
cycle of the signal voltage, when the 
diode plate is positive with respect to 
the cathode, the diode passes current. 



Fig. 61 — Automatic-volume-control (avc) 
circuit. 

Because of the flow of diode current 
through Ri, there is a voltage drop 
across Ri which makes the left end of 
Ri negative with respect to ground. This 
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voltage drop across Ri is applied, 
through the filter R 2 and C, as negative 
bias on the grids of the preceding stages. 
When the signal strength at the antenna 
increases, therefore, the signal applied 
to the avc diode increases, the voltage 
drop across Ri increases, the negative 
bias voltage applied to the rf and if 
stages increases, and the gain of the rf 
and if stages is decreased. Thus the in¬ 
crease in signal strength at the antenna 
does not produce as much increase in 
the output of the last if stage as it 
would produce without avc. 

When the signal strength at the 
antenna decreases from a previous 
steady value, the avc circuit acts, of 
course, in the reverse direction, apply¬ 
ing less negative bias, permitting the rf 
and if gain to increase, and thus reduc¬ 
ing the decrease in the signal output of 
the last if stage. In this way, when the 
signal strength at the antenna changes, 
the avc circuit acts to reduce change in 
the output of the last if stage, and thus 
acts to reduce change in loudspeaker 
volume. 

The filter, C and R 2 , prevents the 
avc voltage from varying at audio fre¬ 
quency. The filter is necessary because 
the voltage drop across Ri varies with 
the modulation of the carrier being re¬ 
ceived. If avc voltage were taken di¬ 
rectly from Ri without filtering, the 
audio variations in avc voltage would 
vary the receiver gain so as to smooth 
out the modulation of the carrier. To 
avoid this effect, the avc voltage is taken 
from the capacitor C. Because of the 
resistance R 2 in series with C, the capa¬ 
citor C can charge and discharge at only 
a comparatively slow rate. The avc volt¬ 
age therefore cannot vary at frequencies 
as high as the audio range but can vary 
at frequencies high enough to compen¬ 
sate for most fading. Thus the filter 
permits the avc circuit to smooth out 
variations in signal due to fading, but 
prevents the circuit from smoothing out 
audio modulation. 

It will be seen that an avc circuit 
and a diode-detector circuit are much 
alike. It is therefore convenient in a re¬ 
ceiver to combine the detector and the 
avc diode in a single stage. Examples of 
how these functions are combined in 
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receivers are shown in Circuits section. 

In the circuit shown in Fig. 61, a 
certain amount of avc negative bias is 
applied to the preceding stages on a 
weak signal. Because it may be desir¬ 
able to maintain the receiver rf and if 
gain at the maximum possible value for 
a weak signal, avc circuits are designed 
in some cases to apply no avc bias until 
the signal strength exceeds a certain 
value. These avc circuits are known as 
delayed avc or davc circuits. 

A davc circuit is shown in Fig. 62. 
In this circuit, the diode section Di of 
the 6AL5 acts as detector and avc diode. 



Fig. 62—Delayed avc {davc) circuit. 

Ri is the diode load resistor and R 2 and 
C 2 are the avc filter. Because the cath¬ 
ode of diode D 2 is returned through a 
fixed supply of —3 volts to the cathode 
of Dj, a dc current flows through Ri 
and R 2 in series with D 2 . The voltage 
drop caused by this current places the 
avc lead at approximately —3 volts (less 
the negligible drop through D 2 ). When 
the average amplitude of the rectified 
signal developed across Ri does not ex¬ 
ceed 3 volts, the avc lead remains at 
—3 volts. Hence, for signals not strong 
enough to develop 3 volts across R., 
the bias applied to the controlled tubes 
stays constant at a value giving high 
sensitivity. 

However, when the average ampli¬ 
tude of rectified signal voltage across 
Ri exceeds 3 volts, the plate of diode 
D 2 becomes more negative than the 
cathode of D 2 and current flow in diode 
D 2 ceases. The potential of the avc 
lead is then controlled by the voltage 
developed across Ri. Therefore, with 
further increase in signal strength, the 
avc circuit applies an increasing avc 
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bias voltage to the controlled stages. In 
this way, the circuit regulates the re¬ 
ceiver gain for strong signals, but per¬ 
mits the gain to stay constant at a maxi¬ 
mum value for weak signals. 

It can be seen in Fig. 62 that a por¬ 
tion of the —3 volts delay voltage is 
applied to the plate of the detector 
diode Di, this portion being approxi¬ 
mately equal to Ri/(Ri -f R 2 ) times —3 
volts. Hence, with the circuit constants 
as shown, the detector plate is made 
negative with respect to its cathode by 
approximately one-half volt. However, 
this voltage does not interfere with de¬ 
tection because it is not large enough 
to prevent current flow in the tube. 

Automatic gain control (age) com¬ 
pensates for fluctuations in rf picture 
carrier amplitude. The peak carrier level 
rather than the average carrier level is 
controlled by the age voltage because 
the peaks of the sync pulses are fixed 
when inserted on a fixed carrier level. 
The peak carrier level may be deter¬ 
mined by measurement of the peaks of 
the sync pulses at the output of the 
video detector. 

A conventional age circuit, such as 
that shown in Fig. 63, consists of a diode 
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Fig. 63 — Automatic-gain control (age) 
circuit. 

detector circuit and an RC filter. The 
time constant of the detector circuit is 
made large enough to prevent the pic¬ 
ture content from influencing the mag¬ 
nitude of the age voltage. The output 
voltage (age voltage) is equal to the 
peak value of the incoming signal. 

The diode detector receives the in¬ 
coming signal from the last if stage of 
the television receiver through the ca¬ 
pacitor Ci. The resistor Ri provides the 
load for the diode. The diode conducts 
only when its plate is driven positive 
with respect to its cathode. Electrons 
then flow from the cathode to the plate 
and thence into capacitor Ci, where the 
negative charge is stored. Because of the 


low impedance offered by the diode dur¬ 
ing conduction, Ci charges up to the 
value of the peak applied voltage. 

During the negative excursion of 
the signal, the diode does not conduct, 
and Ci discharges through resistor Ri. 
Because of the large time constant of 
RiCi, however, only a small percentage 
of the voltage across Ci is lost during 
the interval between horizontal sync 
pulses. During succeeding positive 
cycles, the incoming signal must over¬ 
come the negative charge stored in Ci 
before the diode conducts, and plate 
current flows only at the peak of each 
positive cycle. The voltage across Ci, 
therefore, is determined by the level of 
the peaks of the positive cycles, or the 
sync pulses. 

The negative voltage developed 
across resistor Ri by the sync pulses is 
filtered by resistor R 2 and capacitor C 2 
to remove the 15,750-cycle ripple of 
the horizontal sync pulse. The dc out¬ 
put is then fed to the if and rf ampli¬ 
fiers as an age voltage. 

This age system may be expanded 
to include amplification of the age sig¬ 
nal before detection of the peak level, or 
amplification of the dc output, or both. 
A direct-coupled amplifier must be used 
for amplification of the dc signal. The 
addition of amplification makes the sys¬ 
tem more sensitive to changes in carrier 
level. 

A “keyed” age system such as that 
shown in Fig. 64 is used to eliminate 
flutter and to improve noise immunity 
in weak signal areas. This system pro¬ 
vides more rapid action than the con¬ 
ventional age circuits because the filter 
circuit can employ lower capacitance 
and resistance values. 
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Fig. 64 — “Keyed” age circuit. 
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In the keyed age system, the nega¬ 
tive output of the video detector is fed 
directly to the grid No. 1 of the first 
video amplifier. The positive output of 
the video amplifier is, in turn, fed di¬ 
rectly to the grid No. 1 of the keyed age 
amplifier. The video stage increases the 
gain of the age system and, in addition, 
provides noise clipping. The plate volt¬ 
age for the age amplifier is a positive 
pulse obtained from a small winding on 
the horizontal output transformer which 
is in phase with the horizontal sync 
pulse obtained from the video amplifier. 
The polarity of this pulse is such that 
the plate of the age amplifier tube is 
positive during the retrace time. The 
tube is biased so that current flows only 
when the grid No. 1 and the plate are 
driven positive simultaneously. The 
amount of current flow depends on the 
grid-No. 1 potential during the pulse. 
These pulses are smoothed out in the 
RC network in the plate circuit (RiCi). 
Because the dc voltage developed across 
Ri is negative, it is suitable for appli¬ 
cation to the grids of the rf and if tubes 
as an age voltage. 

High-Fidelity Amplifiers 

Several high-fidelity amplifiers are 
shown in the Circuits section. The per¬ 
formance capabilities of such amplifiers 
are usually given in terms of frequency 
response, total harmonic distortion, 
maximum power output, and noise 
level. 

To provide high-fidelity reproduc¬ 
tion of audio program material, an am¬ 
plifier should have a frequency response 
which does not vary more than 1 dB 
over the entire audio spectrum. General 
practice is to design the amplifier so 
that its frequency response is flat within 
1 dB from a frequency below the low¬ 
est to be reproduced to one well above 
the upper limit of the audible region. 

Harmonic distortion and inter- 
modulation distortion produce changes 
in program material which may have 
adverse effects on the quality of the 
reproduced sound. Harmonic distortion 
causes a change in the character of an 
individual tone by the introduction of 
harmonics which were not originally 
present in the program material. For 


high-fidelity reproduction, total har¬ 
monic distortion (expressed as a per¬ 
centage of the output power) should not 
be greater than about 1 per cent at the 
desired listening level. Types such as 
the 6973, 7027A and 7868 are designed 
to provide extremely low harmonic dis¬ 
tortion in suitably designed push-pull 
amplifier circuits. 

Intermodulation distortion is a 

change in the waveform of an individual 
tone as a result of interaction with an¬ 
other tone present at the same time in 
the program material. This type of dis¬ 
tortion not only alters the character of 
the modulated tone, but may also result 
in the generation of spurious signals at 
frequencies equal to the sum and dif¬ 
ference of the interacting frequencies. 
Intermodulation distortion should be 
less than 2 per cent at the desired listen¬ 
ing level. In general, any amplifier 
which has low intermodulation distor¬ 
tion will have very low harmonic dis¬ 
tortion. 

The maximum power output which 
a high-fidelity amplifier should deliver 
depends upon a complex relation of sev¬ 
eral factors, including the size and 
acoustical characteristics of the listen¬ 
ing area, the desired listening level, and 
the efficiency of the loudspeaker sys¬ 
tem. Practically, however, it is possible 
to determine amplifier requirements in 
terms of room size and loudspeaker 
efficiency. 

The acoustic power required to re¬ 
produce the loudest passages of orches¬ 
tral music at concert-hall level in the 
average-size living room is about 0.4 
watt. Because high-fidelity loudspeakers 
of the type generally available for home 
use have an efficiency of only about 5 
per cent, the output stage of the ampli¬ 
fier should therefore be able to deliver 
a power output of at least 8 watts. Be¬ 
cause many wide-range loudspeaker sys¬ 
tems, particularly those using frequency- 
divider networks, have efficiencies of 
less than 5 per cent, output tubes used 
with such systems must have corre¬ 
spondingly larger power outputs. The 
6973, 7027A, 7189, and 7868 can pro¬ 
vide ample output for most systems 
when used in suitable push-pull circuits. 

The noise level of a high-fidelity 
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amplifier determines the range of 
volume the amplifier is able to repro¬ 
duce, i.e., the difference (usually ex¬ 
pressed in decibels) between the loudest 
and softest sounds in program material. 
Because the greatest volume range util¬ 
ized in electrical program material at 
the present time is about 60 dB, the 
noise level of a high-fidelity amplifier 
should be at least 60 dB below the sig¬ 
nal level at the desired listening level. 

Limiters 

An amplifier may also be used as 
a limiter. One use of a limiter is in 
receivers designed for the reception of 
frequency-modulated signals. The lim¬ 
iter in FM receivers has the function of 
eliminating amplitude variations from 
the input to the detector. Because in 
an FM system amplitude variations are 
primarily the result of noise disturb¬ 
ances, the use of a limiter prevents 
such disturbances from being repro¬ 
duced in the audio output. The limiter 
usually follows the last if stage so 
that it can minimize the effects of dis¬ 
turbances coming in on the rf carrier 
and those produced locally. 

The limiter is essentially an if volt¬ 
age amplifier designed for saturated 
operation. Saturated operation means 
that an increase in signal voltage above 
a certain value produces very little in¬ 
crease in plate current. A signal voltage 
which is never less than sufficient to 
cause saturation of the limiter, even on 
weak signals, is supplied to the limiter 
input by the preceding stages. Any 
change in amplitude, therefore, such as 
might be produced by noise voltage 
fluctuation, is not reproduced in the 
limiter output. The limiting action, of 
course, does not interfere with the re¬ 
production of frequency variations. 

Plate-current saturation of the lim¬ 
iter may be obtained by the use of grid- 
No. 1 resistor-and-capacitor bias with 
plate and grid-No. 2 voltages which are 
low compared with customary if-ampli- 
fier operating conditions. 

As a result of these design features, 
the limiter is able to maintain its output 
voltage at a constant amplitude over a 
wide range of input-signal voltage varia¬ 
tions. The output of the limiter is fre¬ 
quency-modulated if voltage, the mean 


frequency of which is that of the if 
amplifier. This voltage is impressed on 
the input of the detector. 

The reception of FM signals with¬ 
out serious distortion requires that the 
response of the receiver be such that 
satisfactory amplification of the signal 
is provided over the entire range of fre¬ 
quency deviation from the mean fre¬ 
quency. Since the frequency at any 
instant depends on the modulation at 
that instant, it follows that excessive 
attenuation toward the edges of the 
band, in the rf or if stages, will cause 
distortion. In a high-fidelity receiver, 
therefore, the amplifiers must be capa¬ 
ble of amplifying, for the maximum 
permissible frequency deviation of 75 
kHz, a band 150 kHz wide. Suitable 
tubes for this purpose are the 6BA6 and 
6BJ6. 

Volume Compressors and Expanders 

Volume compression and expan¬ 
sion are used in FM transmitters and 
receivers and in recording devices and 
amplifiers to make more natural the 
reproduction of music which has a very 
large volume range. For example, in the 
music of a symphony orchestra the 
sound intensity of the soft passages is 
very much lower than that of the loud 
passages. When this low volume level 
is raised above the background noise 
for transmitting or recording, the peak 
level of the program material may be 
raised to an excessively high volume 
level. It is often necessary, therefore, to 
compress the volume range of the pro¬ 
gram content within the maximum capa¬ 
bilities of the FM transmitter or the 
recording device. Exceeding a maximum 
peak volume level for FM modulation 
corresponds to exceeding the allowed 
bandwidth for transmission. In some re¬ 
cording devices, excessive peak volume 
levels may cause overloading and dis¬ 
tortion. 

Volume compression may be ac¬ 
complished by either manual or auto¬ 
matic control. The types of compression 
used include peak limiters, volume limi¬ 
ters, and volume compressors. A peak 
limiter limits the peak power to some 
predetermined level. A volume limiter 
provides gain reduction based on an 
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average signal level above a prede¬ 
termined level. A volume compressor 
provides gain reduction for only the 
sustained loud portions of the sound 
level. Only volume compressors can be 
correctly compensated for with volume 
expanders. 

For faithful reproduction of the 
original sound, the volume expander 
used in the FM receiver or audio ampli¬ 
fier should have the reverse characteris¬ 
tic of the volume compressor used in 
the FM transmitter or recording device. 
In general, the basic requirements for 
either a volume compressor or expander 
are shown in the block diagram of 
Fig. 65. In a volume compressor, the 



Fig. 65—Block diagram of volume com¬ 
pressor or expander circuit. 


variable-gain amplifier Vi has greater 
gain for a low-amplitude signal than for 
a high-amplitude signal; therefore, soft 
passages are amplified more than loud 
ones. In an expander, the gain is greater 
for high-amplitude signals than for low- 
amplitude signals; therefore, loud pas¬ 
sages are amplified more than soft ones 
and the original amplitude ratio is re¬ 
stored. 

In the diagram shown in Fig. 65, 
the signal to be amplified is applied to 
Vi, and a portion of the signal is also 
applied to V 2 . The amplified output 
from V 2 is then rectified by V 3 , and ap¬ 
plied as a negative (for compressors) or 
positive (for expanders) bias voltage to 
Vi. As this bias voltage varies with 
variations in signal amplitude, the gain 
of Vi also varies to produce the de¬ 
sired compression or expansion of the 
signal. 

Tubes having a large dynamic 
range provide the best results in volume 


compressor or expander applications. 
An example of this type is the 6BJ6. 
Push-pull operation is generally de¬ 
sired for the variable-gain amplifier to 
prevent high distortion and other un¬ 
desirable effects which may occur in 
volume compressors and expanders. 

Phase Inverters 

A phase inverter is a circuit used 
to provide resistance coupling between 
the output of a single-tube stage and the 
input of a push-pull stage. The neces¬ 
sity for a phase inverter arises because 
the signal-voltage inputs to the grids 
of a push-pull stage must be 180 de¬ 
grees out of phase and approximately 
equal in amplitude with respect to each 
other. Thus, when the signal voltage 
input to a push-pull stage swings the 
grid of one tube in a positive direction, 
it should swing the grid of the other 
tube in a negative direction by a simi¬ 
lar amount. With transformer coupling 
between stages, the out-of-phase input 
voltage to the push-pull stage is sup¬ 
plied by means of the center-tapped 
secondary. With resistance coupling, the 
out-of-phase input voltage is obtained 
by means of the inverter action of a 
tube. 

Fig. 66 shows a push-pull power 
amplifier, resistance-coupled by means 
of a phase-inverter circuit to a single- 
stage triode Ti. Phase inversion in this 
circuit is provided by triode T 2 . The out¬ 
put voltage of Ti is applied to the grid 
No. 1 of tetrode T ;t . A portion of the 
output voltage of T, is also applied 
through the resistors R 3 and R 5 to the 



Fig. 66 — Push-pull power amplifier resist¬ 
ance-coupled to triode by means of phase 
inverter. 
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grid of T 2 . The output voltage of T 2 
is applied to the grid No. 1 of tetrode 
T 4 . 

When the output voltage of Ti 
swings in the positive direction, the 
plate current of T 2 increases. This action 
increases the voltage drop across the 
plate resistor R 2 and swings the plate of 
T 2 in the negative direction. Thus, when 
the output voltage of Ti swings positive, 
the output voltage of T 2 swings negative 
and is, therefore, 180 degrees out of 
phase with the output voltage of Ti. 

In order to obtain equal voltages at 
E a and E b , (R 3 + R 5 )/R 5 should equal 
the voltage gain of T 2 . Under the con¬ 
dition where a twin-type tube or two 
tubes having the same characteristics are 
used as Ti and T 2 , R 4 should be equal 
to the sum of R 3 and R 5 . The ratio of 
R 3 -f R 5 to R 5 should be the same as 
the voltage gain ratio of T 2 in order to 
apply the correct value of signal voltage 
to T 2 . The value of R 5 is, therefore, 
equal to R 4 divided by the voltage gain 
of T 2 ; R 3 is equal to R 4 minus R 5 . Values 
of Ri, R 2 , R 3 plus R 5 , and R 4 may be 
taken from the chart in the Resistance- 
Coupled Amplifiers section. In the prac¬ 
tical application of this circuit, it is con¬ 
venient to use a twin-triode tube com¬ 
bining Ti and T 2 . 

Tuned Amplifiers 

In radio-frequency (rf) and inter¬ 
mediate-frequency (if) amplifiers, the 
bandwidth of frequencies to be amplified 
is usually only a small percentage of 
the center frequency. Tuned amplifiers 
are used in these applications to select 
the desired bandwidth of frequencies 
and to suppress unwanted frequencies. 
The selectivity of the amplifier is ob¬ 
tained by means of tuned interstage 
coupling networks. 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel reso¬ 
nant circuit (sometimes called a “tank” 
because it stores energy) is shown in 
Fig. 67. For practical purposes the 
resonant frequency of such a circuit 
may be considered independent of the 
resistance R, provided R is small com¬ 
pared to the inductive reactance Xl. 


The resonant frequency f r is then given 
by 


2-\/LC 

For any given resonant frequency, the 
product of L and C is a constant; at low 
frequencies LC is large; at high fre¬ 
quencies it is small. 

The Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
the current in the tank (Tl or Ic) to the 
current in the line (I). This unloaded Q, 
or Q 0 , may be expressed in various 
ways, for example: 

^ Ic Xl _ R,, 

Qr '“ T - “R ~ x7 

where Xl is the inductive reactance 
(= 2TfL), X c is the capacitive reactance 
(= l/[2-fC]), and R„ is the total im¬ 
pedance of the parallel resonant circuit 



Fig. 67—Simple parallel resonant circuit. 
(tank) at resonance. The Q varies in¬ 
versely with the resistance of the induc¬ 
tor. The lower the resistance, the higher 
the Q and the greater the difference 
between the tank impedance at frequen¬ 
cies off resonance compared to the tank 
impedance at the resonant frequency. 

The Q of a tuned interstage cou¬ 
pling network also depends upon the 
impedances of the preceding and follow¬ 
ing stages. The output impedance of 
a tube can be considered as consist¬ 
ing of a resistance R« in parallel with a 
capacitance Co, as shown in Fig. 68. 
Similarly, the input impedance can be 
considered as consisting of a resistance 
Ri in parallel with a capacitance Ci. Be¬ 
cause the tuned circuit is shunted by 
both the output impedance of the pre¬ 
ceding tube and the input impedance of 
the following tube, the effective selec¬ 
tivity of the circuit is the loaded Q (or 
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Fig. 68—Equivalent output and input circuits of tubes connected by a coupling network. 


Ql) based upon the total impedance of 
the coupled network, as follows: 

(total loading on) 
q __ 7coil at resonance) 

Xl or Xc 

The capacitances Co and Ci in Fig. 
68 are usually considered as part of the 
coupling network. For example, if the 
required capacitance between terminals 
l and 2 of the coupling network is cal¬ 
culated to be 500 picofarads and the 
value of Co is 10 picofarads, a capacitor 
of 490 picofarads is used between ter¬ 
minals 1 and 2 so that the total capa¬ 
citance is 500 picofarads. The same 
method is used to allow for the capa¬ 
citance Ci at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary winding of a transformer 
is coupled to the nonresonant secondary 
winding of the transformer, as shown 
in Fig. 69, the effect of the input im¬ 
pedance of the following stage on the 
Q of the tuned circuit can be deter¬ 
mined by considering the values reflected 
(or referred) to the primary circuit by 
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Fig. 69—Equivalent circuit for transformer¬ 
coupling network having tuned primary 
winding. 

transformer action. The reflected re¬ 
sistance ri is equal to the resistance 
Ri in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T: 
ri = Rt (Ni/N 2 ) 2 

where Ni/N 2 represents the electrical 
turns ratio between the primary winding 


and the secondary winding of T. If there 
is capacitance in the secondary circuit 
(C s ), it is reflected to the primary cir¬ 
cuit as a capacitance C s ,», and is given 
by 

C sl > — Cp (Ni/N 2 ) 2 

The loaded Q, or Q L , is then calculated 
on the basis of the inductance L P , the 
total shunt resistance (Ro plus ri plus 
the tuned-circuit impedance Z t = Q 0 X C 
= QoXl), and the total capacitance 
(C,> + C sp ) in the tuned circuit. 

Fig. 70 shows a coupling network 
which consists of a single-tuned circuit 
using mutual inductive coupling. The 
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Fig. 70—Equivalent circuit for transformer¬ 
coupling network using inductive coupling. 

capacitance C t includes the effects of 
both the output capacitance of the pre¬ 
ceding tube and the input capacitance 
of the following tube (referred to the 
primary of transformer Ti). The band¬ 
width of a single-tuned transformer is 
determined by the half-power points on 
the resonance curve (—3 dB or 0.707 
down from the maximum). Under these 
conditions, the band pass Af is equal 
to the ratio of the center or resonant 
frequency f r divided by the loaded (ef¬ 
fective) Q of the circuit, as follows: 

Af = fr/QL 

In high-frequency tuned amplifiers, 
where the input impedance is typically 
low, mutual inductive coupling may be 
impracticable because of the small 
number of turns in the secondary wind¬ 
ing. It is extremely difficult in practice 
to construct a fractional part of a turn. 
In such cases, capacitance coupling may 
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Fig. 71 — Single-tuned, coupling network using capacitive division . 


be used, as shown in Fig. 71. This ar¬ 
rangement, which is also called capaci¬ 
tive division, is similar to tapping 
down on a coil at or near resonance. 
Impedance transformation in this net¬ 
work is determined by the ratio between 
capacitors Ci and C 2 . Capacitor Ci is 
normally much smaller than C 2 ; thus the 
capacitive reactance Xci is normally 
much larger than Xca. Provided the in¬ 
put resistance of the following tube is 
much greater than Xc 2 , the effective 
turns ratio from the top of the coil to 
the input of the following tube is (Ci -f- 
C 2 )/Ci. The total capacitance C t across 
the inductance L is given by 

r — ClCz 

^ — Ci + C 2 

The resonant frequency f r is then given 
by 

_ 1 

fr= 2jrVCCt 

Double-tuned interstage coupling 
networks are often used in preference to 
single-tuned networks to provide flatter 
frequency response within the pass 
band, a sharper drop in response im¬ 
mediately adjacent to the ends of the 
pass band, or more attenuation at fre¬ 
quencies far removed from resonance. 
In synchronous double-tuned networks, 
both the resonant circuit in the input 
of the coupling network and the reson¬ 
ant circuit in the output are tuned to 
the same resonant frequency. In “stag¬ 
ger-tuned” networks, the two resonant 
circuits are tuned to slightly different 
resonant frequencies to provide a more 
rectangular band pass with sharper 
selectivity at the ends of the pass band. 
Double-tuned or stagger-tuned networks 
may use capacitive, inductive, or mutual 
inductance coupling, or any combina¬ 
tion of the three. 

Television Tuners 
The vhf tuner of a television re¬ 
ceiver selects the desired frequency 


channel in the range from 55 to 216 
MHz, amplifies it, and converts it to a 
lower intermediate frequency. These 
functions are accomplished in rf-ampli¬ 
fier, mixer, and local-oscillator stages 
employing tube types that are designed 
specifically for these applications. The 
rf-amplifier stage uses a high-transcon¬ 
ductance tube that has small dimensions 
to maintain low interelectrode capa¬ 
citances, particularly between grid and 
plate. The mixer and oscillator stages 
usually employ a dual-unit triode-pen- 
tode unit and a medium-mu triode unit. 

Fig. 72 shows a simplified sche¬ 
matic diagram of a typical vhf televi¬ 
sion tuner. The balun converts the 300- 
ohm balanced antenna impedance to an 
unbalanced impedance of 75 ohms. The 
high-pass filter eliminates lower-fre¬ 
quency interference signals. The tuner 
is set to the desired frequency by simul¬ 
taneous adjustment of the inductances 
indicated by the several sets of arrows 
in Fig. 72. The inductances are either 
replaced completely or incremental 
amounts of inductance are added as 
the tuner is switched from high fre¬ 
quencies to lower frequencies. Some 
tuners use a combination of the two 
methods. 

Because noise generated in the first 
amplifier stage is often the controlling 
factor in determining the over-all sensi¬ 
tivity of a radio or television receiver, 
the “front end” is designed with special 
attention to both gain and noise char¬ 
acteristics. The input circuit of an am¬ 
plifier inherently contains some thermal 
noise contributed by the resistive ele¬ 
ments in the input device. When an 
input signal is amplified, therefore, the 
thermal noise generated in the input 
circuit is also amplified. If the ratio of 
signal power to noise power (signal-to- 
noise ratio, S/N) is the same in the 
output circuit as in the input circuit, 
the amplifier is considered to be “noise- 
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Fig. 72—Simplified schematic of typical vhf television tuner. 


less,” and is said to have a noise figure 
of unity, or zero dB. 

In practical circuits, however, all 
amplifier stages generate a certain 
amount of noise as a result of thermal 
agitation of electrons in resistors and 
other components, minute variations in 
the cathode emission of tubes (shot 
effect), and minute grid currents in the 
amplifier tubes. As a result, the ratio 
of signal power to noise power is in¬ 
evitably impaired during amplification. 
A measure of the degree of impairment 
is called the noise figure (NF) of the 
amplifier, and is expressed as the ratio 
of signal power to noise power at the 
input (Si/Ni) divided by the ratio of 
signal power to noise power at the out¬ 
put (So/No), as follows: 


NF = 


(Si/Ni) 
(So/No)' 


The noise figure in decibels (dB) is 
equal to ten times the logarithm of this 
power ratio. For example, a one-dB 
noise figure in an amplifier decreases 
the signal-to-noise ratio by a factor of 
1.26, a 3-dB noise figure by a factor 
of 2, a 10-dB noise figure by a factor 


of 10, and a 20-dB noise figure by a 
factor of 100. 

The over-all noise figure of a re¬ 
ceiver is affected by the total number 
of stages, as shown by the following 
relationship: 

NFrecelver = NFl + ~~^ ~ 

, (NFs + 1 ) 

^ G1G2 • * ‘ 

where G represents power gain and the 
subscripts indicate the number of each 
stage. This relationship indicates that 
the contribution of the second-stage 
noise factor to that of the over-all re¬ 
ceiver is reduced by the gain of the 
first stage. Therefore, it is important 
that the rf amplifier have enough gain 
to make the effect of the second stage 
negligible. The third stage will then 
have even less effect. The maximum 
available power gain G of an rf stage is 
given by 

_ gm a Rln Rout 
°=-4- 


For maximum gain, therefore, the rf- 
amplifier tube should have high trans¬ 
conductance and high input and output 
impedances. At frequencies in the vhf 
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television band, the input resistance is 
small enough to affect the gain. As 
mentioned previously, the rf tube is 
designed to have low interelectrode ca¬ 
pacitances, small interelectrode spac- 
ings, and low lead inductances (par¬ 
ticularly the cathode lead). 

The gain of the rf stage must be 
reduced as the incoming-signal ampli¬ 
tude changes to prevent overload dis¬ 
tortion in the following stages. As the 
signal amplitude increases, an auto¬ 
matic-gain-control (age) circuit biases 
the rf tube to decrease its gain. The rf 
tube usually employs a semiremote- 
cutoff grid to reduce cross-modulation 
distortion. 

Either a triode or a pentode can 
be used in the rf-amplifier stage of 
tuner input circuits of vhf television 
receivers. Such stages are required to 
amplify signals ranging from 55 to 216 
MHz and having a bandwidth of 4.5 
MHz (the tuner is usually aligned for a 
bandwidth of 6 MHz to assure complete 
coverage of the band). In early rf 
tuners, pentodes rather than triodes were 
used because the grid-plate capacitance 
of triodes created stability problems. 
However, the use of twin triodes in 
direct-coupled cathode-drive circuits 
makes it possible to obtain stable opera¬ 
tion along with the low-noise character¬ 
istics of triodes. 

Pentodes or tetrodes do not pro¬ 
vide the useful sensitivity of triodes 
because of the “partition noise” intro¬ 
duced by the screen grid. The direct- 
coupled cathode-drive circuit provides 
both the gain and the stability capabili¬ 
ties of the pentode, as well as the ad¬ 
vantages of a low-noise triode input 
stage. Because the cathode-drive stage 
provides a low-impedance load to the 
grounded-cathode stage, the gain of the 
latter stage is very low and there is no 
necessity for neutralizing the grid-plate 
capacitance. An interstage impedance, 
usually an inductance in series with 
the plate of the first stage and the cath¬ 
ode of the second stage, is often used 
at higher frequencies to provide a de¬ 
gree of impedance matching between 
the units. The cathode-drive portion of 
the circuit is matched to the input net¬ 


work and provides most of the stage 
gain. Because the feedback path of the 
cathode-drive circuit is the plate-cath¬ 
ode capacitance, which in most cases 
is very small, excellent isolation is pro¬ 
vided between the antenna and the 
local oscillator. 

Development of single triodes hav¬ 
ing low grid-plate capacitance, such 
as the 6BN4A has made possible the 
design of neutralized triode rf circuits. 
Tubes such as the 6GK5 and 6CW4 
are specially designed to minimize grid- 
plate capacitance to permit easier neu¬ 
tralization of a grounded-cathode cir¬ 
cuit over the wide frequency band. 
Bridge-neutralized rf-amplifier stages 
are widely used in television tuners; 
in this arrangement, a portion of the 
output signal is returned to the grid 
out of phase with the feedback signal 
from the grid-plate capacitance. This 
circuit provides excellent gain and noise 
performance with stable operation 
across the band. 

The mixer stage of a vhf tuner 
usually employs a pentode tube, or the 
pentode unit of a triode-pentode tube. 
Although triodes such as the 6J6A were 
used as mixers in early receivers, they 
have been replaced by pentodes because 
the higher output impedance of a pen¬ 
tode provides a higher mixer gain than 
can be obtained with a triode. 

The amplified signal from the rf 
stage in Fig. 72 is applied to the mixer 
grid along with a local-oscillator signal 
of much larger amplitude. The local- 
oscillator signal varies the mixer grid 
voltage from cutoff into the grid-current 
region. This signal develops a grid- 
resistor bias, called the Injection voltage, 
which is a measure of the local-oscillator 
voltage. Because the transfer curve of 
the mixer tube is nonlinear, mixing 
action between the rf signal and the 
local-oscillator signal produces sum and 
difference frequencies. The output cir¬ 
cuit of the mixer is tuned to the dif¬ 
ference frequency (about 44 MHz) and 
rejects all other frequencies. This signal 
is then fed to the intermediate-frequency 
amplifier. 

The mixer gain is a function of 
the amplitude of the local-oscillator 
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signal. The gain has a broad maximum 
over a range of injection voltages from 
—2.5 to —5.0 volts for conventional- 
grid mixers and slightly lower for 
frame-grid mixers. Good impedance 
matching between the rf-amplifier plate 
and the mixer grid, consistent with 
bandpass requirements, is important to 
achieve maximum signal power trans¬ 
fer. A slight amount of regeneration is 
provided by a small screen-grid induct¬ 
ance. This regeneration effectively in¬ 
creases the mixer-grid input impedance 
and thus improves power gain. 

The local-oscillator stage shown 
in Fig. 72 is a Colpitts type in which 
the tuned circuit is located between 
the grid and plate and the feedback 
path is through the tube interelectrode 
capacitances. A large signal is devel¬ 
oped in the local oscillator and coupled 
loosely to the mixer grid to minimize 
the effects of changes in the mixer in¬ 
put on the frequency of oscillation. 
The circuit is designed to keep fre¬ 
quency shift within a very narrow range 
with supply-voltage and temperature 
changes. Fine tuning is provided by a 
variable inductance or capacitance 
across the tuned circuit. Tubes com¬ 
monly used in local-oscillator and mixer 
circuits are the 6EA8, 6KZ8, and 6KE8. 

Television IF Amplifiers 

The intermediate-frequency (if) 
amplifier stages in a television receiver 
provide the additional gain required to 
bring the signal level to an amplitude 
suitable for final detection. A constant 
peak signal of about three to five volts 
is required at the input to the detector. 
The mixer output signal is passed 
through two or three stages of ampli¬ 
fication to attain this level. High-trans¬ 
conductance pentodes having low grid- 
No.l-to-plate capacitances are normally 
used in if amplifiers. The coupling cir¬ 
cuits are usually tuned transformers 
which may be single- or double-tuned. 
The transformers are either synchro¬ 
nously (same frequency) tuned or 
stagger-tuned, depending on circuit re¬ 
quirements. The over-all bandwidth 
varies from a maximum of 3.58 MHz 
at the 6-dB points for color receivers to 


values in the order of 2.0 to 2.5 MHz 
for the most inexpensive receivers. An 
expression for the figure of merit for a 
single tuned if-amplifier tube is the gain- 
bandwidth product G X B, which is 
given by 

G XB=f- 

2 7rC 

where C is the total tuning capaci¬ 
tance. This relationship again demon¬ 
strates the need for high transconduct¬ 
ance and low interelectrode capacitance. 

The first stage (or first two stages 
in the case of a three-stage if) is gain- 
controlled like the rf amplifier. How¬ 
ever, the bias applied to the if-amplifier 
tube varies the input resistance and 
capacitance of the tube and thus de¬ 
tunes the circuit. It is important for 
proper reception to maintain the fre¬ 
quency response of the if stages con¬ 
stant, particularly in the .case of the 
color receiver. Therefore, a small un¬ 
bypassed cathode resistor is used which 
provides degenerative feedback to min¬ 
imize the effect of bias changes. In 
addition, the effects on input impedance 
caused by the grid-plate capacitance 
are reduced by use of a partial bypass 
capacitor at the screen grid to provide 
neutralization of the grid-to-plate ca¬ 
pacitance. 

Tubes used in the gain-controlled 
stages of the if amplifier have remote- 
or semiremote-cutoff characteristics to 
reduce cross-modulation or intermodu¬ 
lation interference. Tube types com¬ 
monly used in this application include 
the 6BZ6, 6GM6, 6JH6, 6JD6A, and 
6KT6. 

The last if-amplifier stage is a 
relatively-large-signal amplifier. For 
this reason, the tube must be biased so 
that it will operate over a region of 
linear operation for large voltage ex¬ 
cursions. Because such a quiescent op¬ 
erating point provides a transconduct¬ 
ance somewhat below the maximum 
value for the tube, the selection of the 
operating point involves a compromise 
between signal-handling capacity and 
gain. For purposes of linearity, the 
final if-amplifier stage is not gain-con- 
trolled, and operates with the cathode 
bypassed to ground. Because fixed bias 
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is used, a sharp-cutoff tube is used to 
provide higher transconductance than 
could be obtained with an equivalent 
remote- or semiremote-cutoff tube. Ex¬ 
amples of types used in this stage are 
the 6EW6 and 6JC6A. 

Wideband (Video) Amplifiers 

In some applications, it is neces¬ 
sary for a circuit to amplify signals 
ranging from very low frequencies (sev¬ 
eral hertz) to high frequencies (tens of 
megahertz) with a minimum of fre¬ 
quency and time-delay distortion. For 
example, very exacting requirements are 
demanded for such applications as tele¬ 
vision camera chains, ac voltmeters, 
and vertical amplifiers for oscilloscopes. 
In response to these demands, circuit 
compensation techniques have been de¬ 
veloped to minimize the amplitude and 
time-delay variation as the upper or 
lower frequency limits of the amplifier 
are approached. 

The need for such compensation is 
evident when many identical stages of 
amplification are employed. If ten cas¬ 
caded stages are used, a variation of 
0.3 dB per stage results in a total 
variation of 3 dB. In an uncompensated 
amplifier, this total variation occurs 
two octaves (a frequency ratio of 
four) prior to the half-power point. Be¬ 
cause two octaves are lost from both 
the high and low frequencies, the band¬ 
width of ten cascaded uncompensated 
amplifies stages is only one-sixteenth 
that of a single amplifier stage. Fig. 73 
shows the amplitude response charac¬ 
teristics of various numbers of identical 


uncompensated amplifiers. 

In general, the output of an ampli¬ 
fier may be represented by a current 
generator w and a load resistance 
Rl, as shown in Fig. 74(a). Because the 
signal current is shunted by various 
capacitances at high frequencies, as 
shown in Fig. 74(b), there is a loss in 
gain at these frequencies. If an induc¬ 
tor L is placed in series with the load 
resistor R L , as shown in Fig. 74(c), a 
low-Q circuit is formed which some¬ 
what suppresses the capacitive loading. 
This method of gain compensation, 
called shunt peaking, can be effective 
for improving high-frequency response. 
Fig. 74 shows the frequency response 
for the circuits in Fig. 74(a), (b), and (c). 
If the inductor L in Fig. 74(c) is made 
self-resonant approximately one octave 
above the 3-dB frequency of the circuit 
of Fig. 74(b), the amplifier response is 
extended by about another 30 per cent. 

If the stray capacitance C shown 
in Fig. 74(b) is broken into two parts 
O and C" and an inductor Li is placed 
between them, a heavily damped form 
of series resonance may be employed 
for further improvement. This form 
of compensation, called series peaking, 
is shown in Fig. 75(a). If C' and C" are 
within a factor of two of each other, 
series peaking produces an appreciable 
improvement in frequency response as 
compared to shunt peaking. A more 
complex form of compensation em¬ 
bodying both self-resonant shunt peak¬ 
ing and series peaking is shown in 
Fig. 75(b). 

The effects of various high-fre- 
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Fig. 74—Equivalent circuits and frequency response of uncompensated and shunt-peaked 

amplifiers. 


quency compensation systems can be 
demonstrated by consideration of an 
amplifier consisting of three identical 
stages. If each of the three stages is 
down 3 dB at 1 MHz, and if a total 
gain variation of plus 1 dB and minus 
3 dB is allowed, the bandwidth of the 
amplifier is 0.5 MHz without compen¬ 
sation. Shunt peaking raises the band¬ 
width to 1.3 MHz. Self-resonant shunt 

Li 



Fig. 75—Circuits using (a) series peaking , 
and (b) both self-resonant shunt peaking 
and series peaking. 


peaking raises it to 1.5 MHz. An in¬ 
finitely complicated network of shunt- 
peaking techniques could raise it to 
2 MHz. If the distribution of capaci¬ 
tance permits it, series peaking alone 
can provide a bandwidth of about 2 
MHz, while a combination of shunt 
and series peaking can provide a band¬ 


width of approximately 2.8 MHz. If 
the capacitance is perfectly distributed, 
and if an infinitely complex network 
of shunt and series peaking is em¬ 
ployed, the ultimate capability is about 
4 MHz. 

The frequency response of a wide¬ 
band amplifier is influenced greatly by 
variations in component values due to 
temperature effects, variation of tube 
parameters with voltage and cur¬ 
rent (normal large-signal excursions), 
changes of stray capacitance due to re¬ 
located lead wires, or other variations. 
A change of 20 per cent in any of the 
critical parameters can cause a change 
of 0.7 dB in gain per stage over the 
last half-octave of the response for 
the most simple case of shunt peaking. 
As the bandwidth is extended by more 
complex peaking, a circuit becomes 
substantially more critical. (Measure¬ 
ment probes generally alter circuit per¬ 
formance because of their capacitance; 
this effect should be considered during 
frequency-response measurements. 

In the design of wideband ampli¬ 
fiers using many stages of amplifica¬ 
tion, it is necessary to consider time- 
delay variations as well as amplitude 
variation. When feedback capacitance 




60 


RCA Receiving Tube Manual 


is a major contributor to response limi¬ 
tation, the more complex compensa- 
ing networks may produce severe 
ringing or even sustained oscillation. If 
feedback capacitance is treated as input 
capacitance produced by the Miller 
effect, the added input capacitance Ct 
caused by the feedback capacitor Cf 
is given by 

Ct = Cf (1 — VG) 

where VG is the input-to-output volt¬ 
age gain. The gain VG, however, has 
a phase angle that varies with fre¬ 
quency. The phase angle is 180 degrees 
at low frequencies, but may lead or 
lag this value at high frequencies; the 
magnitude of VG then also varies. In 
the design of very wideband amplifiers 
(20 MHz or more), the phase of the 
transconductance g, n must be consid¬ 
ered. 

The video amplifier stage in a tele¬ 
vision receiver usually employs a pen¬ 
tode-type tube specially designed to 
amplify the wide band of frequencies 
contained in the video signal and, at 
the same time, to provide high gain 
per stage. Pentodes are more useful 
than triodes in such stages because 
they have high transconductance (to 
provide high gain) together with low 
input and output interelectrode ca¬ 
pacitances (to permit the broadband 
requirements to be satisfied). An approx¬ 
imate “figure of merit” for a particular 
tube for this application can be deter¬ 
mined from the ratio of its transcon¬ 
ductance, gm, to the sum of its input 
and output capacitances. Cm and Cout, 
as follows: 

Figure of Merit = -—^-=- 

Cin + Cout 

Typical values for this figure are in the 
order of 500 x 10® or greater. 

A typical video amplifier stage, 
such as that shown in Fig. 76, is con¬ 
nected between the second detector of 
the television receiver and the picture 
tube. The contrast control, Ri, in this 
circuit controls the gain of the video 
amplifier tube. The inductance, L 2 , in 
series with the load resistor, R L , main¬ 
tains the plate load impedance at a rela¬ 
tively constant value with increasing 


frequency. The inductance Li isolates 
the output capacitance of the tube so 
that only stray capacitance is placed 



Fig. 76—Typical video amplifier stage. 


across the load. As a result, a higher- 
value load resistor is used to provide 
higher gain without affecting frequency 
response or phase relations. The de¬ 
coupling circuit, CiR 2 , is used to im¬ 
prove the low-frequency response. 
Tubes used as video amplifiers include 
types 6CL6 and 12BY7A, or the pen¬ 
tode sections of types 6AW8A and 
6AN8A. 

The luminance amplifier in a color- 
television receiver is a conventional 
video amplifier having a bandwidth of 
approximately 3.5 MHz. In a color re¬ 
ceiver, the portion of the output of 
the second detector which lies within 
the frequency band from approxi¬ 
mately 2.4 to 4.5 MHz is fed to a 
bandpass amplifier, as shown in the 
block diagram in Fig. 77. The color 



Fig . 77— Block diagram of video-amplifier 
section of color television receiver. 


synchronizing signal, or “burst,” con¬ 
tained in this signal may then be fed 
to a “burst-keyer” tube. At the same 
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time, a delayed horizontal pulse may 
be applied to the keyer tube. The out¬ 
put of the keyer tube is applied to the 
burst amplifier tube and the signal is 
then fed to the 3.58-MHz oscillator 
and to the “color-killer” stage. 

The color killer applies a bias volt¬ 
age to the bandpass amplifier in the ab¬ 
sence of burst so that the color section, 
or chrominance channel, of the receiver 
remains inoperative during black-and- 
white broadcasts. A threshold control 
varies the bias and controls the burst 
level at which the killer stage operates. 

The output of the 3.58-MHz os¬ 
cillator and the output of the bandpass 
amplifier are fed into phase and ampli¬ 
tude demodulator circuits. The output 
of each demodulator circuit is an elec¬ 
trical representation of a color-differ¬ 
ence signal, i.e.y an actual color signal 
minus the black-and-white, or lumi¬ 
nance, signal. The two color-difference 
signals are combined to produce the 
third color-difference signal; each of 
the three signals then represents one of 
the primary colors. 

The three color-difference signals 
are usually applied to the grids of the 
three electron guns of the color picture 
tube, in which case the black-and-white 
signal from the luminance amplifier may 
be applied simultaneously to the cath¬ 
odes. The chrominance and luminance 
signals then combine to produce the 
color picture. In the absence of trans¬ 
mitted color information, the chromi¬ 
nance channel is cut off by the color 
killer, as described above, and only the 
luminance signal is applied to the pic¬ 
ture tube, producing a black-and-white 
picture. 

TV Scanning, 

Sync, and Deflection 

For reproduction of a transmitted 
picture in a television receiver, the 


face of a cathode-ray tube is scanned 
with an electron beam while the inten¬ 
sity of the beam is varied to control 
the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans¬ 
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical signal 
that controls the intensity of the elec¬ 
tron beam in the picture tube at the 
receiver. 

Scanning Fundamentals 

The scanning procedure used in 
the United States employs horizontal 
linear scanning in an odd-line inter¬ 
laced pattern. The standard scanning 
pattern for television systems includes 
a total of 525 horizontal scanning lines 
in a rectangular frame having an aspect 
ratio of 4 to 3. The frames are re¬ 
peated at a rate of 30 per second, with 
two fields interlaced in each frame. The 
first field in each frame consists of all 
odd-number scanning lines, and the 
second field in each frame consists of 
all even-number scanning lines. The 
field repetition rate is thus 60 per sec¬ 
ond, and the vertical scanning rate is 
60 Hz. 

The geometry of the standard odd¬ 
line interlaced scanning pattern is illus¬ 
trated in Fig. 78. The scanning beam 
starts at the upper left corner of the 
frame at point A, and sweeps across 
the frame with uniform velocity to 
cover all the picture elements in one 
horizontal line. At the end of each 
trace, the beam is rapidly returned to 
the left side of the frame, as shown 
by the dashed line, to begin the next 
horizontal line. The horizontal lines 
slope downward in the direction of 
scanning because the vertical deflecting 
signal simultaneously produces a verti- 




Fig. 78—The odd-line interlaced scanning procedure. 
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cal scanning motion, which is very slow 
compared with the horizontal scanning 
speed. The slope of the horizontal line 
trace from left to right is greater than 
the slope of the retrace from right to 
left because the shorter time of the re¬ 
trace does not allow as much time for 
vertical deflection of the beam. Thus, 
the beam is continuously and slowly 
deflected downward as it scans the 
horizontal lines, and its position is suc¬ 
cessively lower as the horizontal scan¬ 
ning proceeds. 

At the bottom of the field, the ver¬ 
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. The vertical “flyback” time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori¬ 
zontal lines are produced during the 
vertical flyback. 

All odd-number fields begin at 
point A in Fig. 78 and are the same. 
All even-number fields begin at point 
C and are the same. Because the be¬ 
ginning of the even-field scanning at 
C is on the same horizontal level as 
A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even fields 
fall exactly between the odd-number 
lines in the odd field. 

Sync 

In addition to picture information, 
the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on the face¬ 
plate of the picture tube at the right 
instant and in the right location. These 
pulses, which are called sync pulses, 


control the horizontal and vertical 
scanning generators of the receiver. 

Fig. 79 shows a portion of the de¬ 
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 
represented by higher amplitudes until, 
at the “blanking level” shown in the 
diagram, the amplitude represents a 
complete absence of light. This “black 
level” is held constant at a value equal 
to 75 per cent of the maximum ampli¬ 
tude of the signal during transmission. 
The remaining 25 per cent of the signal 
amplitude is used for synchronization 
information. Portions of the signal in 
this region (above the black level) can¬ 
not produce light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning of the 
next line. The scanning beam of the 
receiver is maintained at the black level 
during this retrace interval by means 
of the blanking pulse shown in Fig. 79. 
Immediately after the beginning of the 
blanking period, the signal amplitude 
rises further above the black level to 
provide a horizontal-synchronization 
pulse that initiates the action of the 
horizontal scanning generator. When 
the bottom line of the picture is 
reached, a similar vertical-synchroniza¬ 
tion pulse initiates the action of the 
vertical scanning generator to move the 
scanning spot back to the top of the 
pattern. 

The sync pulses in the composite 
video signal may be separated from the 
video information in the output of the 
second or video detector by means of 
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the triode circuit shown in Fig. 80. In 
this circuit, the time constant of the 
network R 1 C 1 is long with respect to the 
interval between pulses. During each 
pulse, the grid is driven positive and 
draws current, thereby charging ca¬ 
pacitor Ci. Consequently, the grid de¬ 
velops a bias which is slightly greater 



Fig. 80 — Sync-separator circuit. 


than the cutoff voltage of the tube. 
Because plate current flows only dur¬ 
ing the sync-pulse period, only the 
amplified pulse appears in the output. 
This sync-separator stage discriminates 
against the video information. Because 
the bias developed on the grid is pro¬ 
portional to the strength of the in¬ 
coming signal, the circuit also has the 
advantage of being relatively inde¬ 
pendent of signal fluctuations. 

After the synchronizing signals are 
separated from the composite video 
signal, it is necessary to filter out the 
horizontal and vertical sync signals so 
that each can be applied to its respec¬ 
tive deflection generator. This filtering 
is accomplished by RC circuits designed 
to filter out all but the desired syn¬ 
chronizing signals. Although the hori¬ 
zontal, vertical, and equalizing pulses 
are all rectangular pulses of the same 
amplitude, they differ in frequency and 
pulse width, as shown in Fig. 81. The 
horizontal sync pulses have a repetition 
rate of 15,750 per second (one for 


each horizontal line) and a pulse width 
of 5.1 microseconds. The equalizing 
pulses have a width approximately half 
the horizontal pulse width, and a repe¬ 
tition rate of 31,500 per second; they 
occur at half-line intervals, with six 
pulses immediately preceding and six 
following the vertical synchronizing 
pulse. The vertical pulse is repeated at 
a rate of 60 per second (one for each 
field), and has a width of approxi¬ 
mately 190 microseconds. The serra¬ 
tions in the vertical pulse occur at 
half-line intervals, dividing the complete 
pulse into six individual pulses that 
provide horizontal synchronization dur¬ 
ing the vertical retrace. (Although the 
picture is blanked out during the verti¬ 
cal retrace time, it is necessary to keep 
the horizontal scanning generator syn¬ 
chronized.) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro¬ 
vide the required synchronization of 
receiver and transmitter scanning. 

The horizontal sync signals are 
separated from the total sync in a dif¬ 
ferentiating circuit that has a short 
time constant compared to the width 
of the horizontal pulses. When the total 
sync signal is applied to the differen¬ 
tiating circuit shown in Fig. 82, the 
capacitor charges completely very soon 
after the leading edge of each pulse, 
and remains charged for a period of 
time equal to practically the entire 
pulse width. When the applied voltage 
is removed at the time corresponding 
to the trailing edge of each pulse, the 
capacitor discharges completely within 
a very short time. As a result, a posi¬ 
tive peak of voltage is obtained for 
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Fig. 81 —Waveform of TV synchronizing pulses (H ~ horizontal line period of 1/15,750 

seconds, or 63.5 v-s). 
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Fig. 82—Separation of the horizontal sync signals from the total sync by a differentiating 

circuit. 


each leading edge and a negative peak 
for the trailing edge of every pulse. 
One polarity is produced by the charg¬ 
ing current for the leading edge of the 
applied pulse, and the opposite polar¬ 
ity is obtained from the discharge cur¬ 
rent corresponding to the trailing edge 
of the pulse. 

As mentioned above, the serrations 
in the vertical pulse are inserted to 
provide the differentiated output needed 
to synchronize the horizontal scanning 
generator during the time of vertical 
synchronization. During the vertical 
blanking period, many more voltage 
peaks are available than are necessary 
for horizontal synchronization (only 
one pulse is used for each horizontal 
line period). The check marks above 
the differentiated output in Fig. 82 in¬ 
dicate the voltage peaks used to syn¬ 
chronize the horizontal deflection 
generator for one field. Because the 
sync system is made sensitive only to 
positive pulses occurring at approxi¬ 
mately the right horizontal timing, the 
negative sync pulses and alternate dif¬ 
ferentiated positive pulses produced by 
the equalizing pulses and the serrated 
vertical information have no effect on 
horizontal timing. It can be seen that 
although the total sync signal (includ¬ 
ing vertical synchronizing information) 
is applied to the circuit of Fig. 82, only 
horizontal synchronization information 
appears at the output. 


The vertical sync signal is sepa¬ 
rated from the total sync in an integrat¬ 
ing circuit which has a time constant 
that is long compared with the duration 
of the 5-microsecond horizontal pulses, 
but short compared with the 190-micro- 
second vertical pulse width. Fig. 83 
shows the general circuit configuration 


O-WV-T—O 

INPUT 'T- OUTPUT 

O-*-O 


xuimmir 1 


ODD FIELDS 


OUTPUT 


mmnrmuj' 


EVEN FIELDS 


INPUT 

OUTPUT 


Fig. 83—Separation of vertical sync signals 
from the total sync for odd and even fields 
with no equalizing pulses. (Dashed line in - 
dicates triggering level for vertical scanning 
generator.) 

used, together with the input and out¬ 
put signals for both odd and even fields. 
The period between horizontal pulses, 
when no voltage is applied to the RC 
circuit, is so much longer than the hori¬ 
zontal pulse width that the capacitor 
has time to discharge almost down to 
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zero. When the vertical pulse is ap¬ 
plied, however, the integrated voltage 
across the capacitor builds up to the 
value required for triggering the verti¬ 
cal scanning generator. This integrated 
voltage across the capacitor reaches its 
maximum amplitude at the end of the 
vertical pulse, and then declines prac¬ 
tically to zero, producing a pulse of 
the triangular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync signal 
(including horizontal information) is 
applied to the circuit of Fig. 83, there¬ 
fore, only vertical synchronization in¬ 
formation appears at the output. 

The vertical synchronizing pulses 
are repeated in the total sync signal 
at the field frequency of 60 per sec¬ 
ond. Therefore, the integrated output 
voltage across the capacitor of the RC 
circuit of Fig. 83 can be coupled to 
the vertical scanning generator to pro¬ 
vide vertical synchronization. The six 
equalizing pulses immediately preced¬ 
ing and following the vertical pulse 
improve the accuracy of the vertical 
synchronization for better interlacing. 
The equalizing pulses that precede the 
vertical pulses make the average value 
of applied voltage more nearly the 
same for even and odd fields, so that 
the integrated voltage across the capa¬ 
citor adjusts to practically equal values 
for the two fields before the vertical 
pulse begins. The equalizing pulses that 
follow the vertical pulse minimize any 


difference in the trailing edge of the 
vertical synchronizing signal for even 
and odd fields. 

In fringe areas, two conditions 
complicate the process of sync separa¬ 
tion. First, the incoming signal available 
at the antenna is weak and susceptible 
to fading and other variations; second, 
the receiver is operating at or near 
maximum gain, which makes it ex¬ 
tremely susceptible to interference from 
pulse-type noise generated by certain 
types of electrical equipment, ignition 
systems, switches, or the like. Some 
type of noise-immunity provision is 
almost essential for acceptable per¬ 
formance. Noise may be reduced or 
eliminated from the sync and age cir¬ 
cuits by gating or by a combination of 
gating, inversion, and cancellation. An 
example, of the latter method is shown 
in Fig. 84. In this circuit the 6GY6, 
which has two independent control 
grids, serves the dual function of age 
amplifier and noise inverter. Because 
the sync tips of the video signal at 
grid No. 1 of the 6GY6 drive the tube 
near its cutoff region, any noise signal 
extending above the tip level will ap¬ 
pear inverted across the grid-No.2 load 
resistor R. This inverted noise signal is 
re-combined with the video signal and 
fed to the sync separator at point “A 1 ’ 
in Fig. 84, where noise cancellation 
takes place. This process leaves the 
sync pulses relatively free of disturbing 
noise and results in a stable picture. 
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To prevent reduction of receiver gain 
due to the effect of noise on the age 
amplifier, a portion of the inverted 
noise signal is fed to the second con¬ 
trol grid, grid No.3, of the 6GY6 to 
cut off or gate the age amplifier when 
a noise pulse occurs. 

Horizontal Deflection 

In the horizontal-deflection stages 
of a television receiver, a current that 
varies linearly with time and has a 
sufficient peak-to-peak amplitude must 
be passed through the horizontal-de¬ 
flection-yoke winding to develop a 
magnetic field adequate to deflect the 
electron beam of the television picture 
tube. (This type of deflection is differ¬ 
ent from that used in a cathode-ray 
oscilloscope, where the beam is de¬ 
flected electrostatically.) After the 
beam is deflected completely across the 
face of the picture tube, it must be 
returned very quickly to its starting 
point. (As explained previously, the 
beam is extinguished during this re¬ 
trace by the blanking pulse incorporated 
in the composite video signal, or in 
some cases by additional external 
blanking derived from the horizontal- 
deflection system.) 

The simplest form of a deflection 
circuit is shown in Fig. 85. In this cir¬ 
cuit, the yoke impedance L is assumed 
to be a perfect inductor. When the 



Fig. 85—Simplest form of deflection circuit. 

switch is closed, the yoke current starts 
from zero and increases linearly. At 
any time t, the current i is equal to 
Et/L, where E is the applied voltage. 
When the switch is opened at a later 
time ti, the current instantly drops from 
a value of Eti/L to zero. 

Although the basic circuit of Fig. 
85 crudely approaches the requirements 
for deflection, it presents some obvious 
problems and limitations. The voltage 
across the switch becomes extremely 


high, theoretically approaching infinity. 
In addition, if very little of the total 
time is spent at zero current, the circuit 
would require a tremendous amount of 
dc power. Furthermore, the operation 
of the switch would be rather critical 
with regard to both its opening and its 
closing. Finally, because the deflection 
field would be phased in only one di¬ 
rection, the beam would have to be 
centered at the extreme left of the 
screen for zero yoke current. 

If a capacitor is placed across the 
switch, as shown in Fig. 86, the yoke 



Fig. 86—Addition of capacitor to permit 
flyback ringing, and yoke-current (upper) 
and switch-voltage (lower) waveforms. 


current still increases linearly when the 
switch is closed at time t = 0. How¬ 
ever, when the switch is opened at time 
t = ti, a tuned circuit is formed by 
the parallel combination of L and C. 
The resulting yoke currents and switch 
voltages are then as shown in Fig. 86. 
The current is at a maximum when 
the voltage equals zero, and the volt¬ 
age is at a maximum when the current 
equals zero. If it is assumed that there 
are no losses, the ringing frequency 
fosc is equal to l/(27r\/LC). 

If the switch is closed again at any 
time the capacitor voltage is not equal 
to zero, an infinite switch current flows 
as a result of the capacitive discharge. 
However, if the switch is closed at the 
precise moment t 2 that the capacitor 
voltage equals zero, the capacitor cur- 
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rent effortlessly transfers to the switch, 
and a new transient condition results. 
Fig. 87 shows the yoke-current and 
switch-voltage waveforms for this new 
condition. 

If the switch is again opened at 
ti, closed at t-„ and so on, the desired 



Fig. 87 — Yoke-current (upper) and switch- 
voltage (lower) waveforms when switch is 
closed at t 2 . 


sweep results, the peak switch voltage 
is finite, and the average supply cur¬ 
rent is zero. The deflection system is 
then lossless and efficient and, because 
the average yoke current is zero, beam 
decentering is avoided. The only fault 
of the circuit of Fig. 86 is the critical 
timing of the switch, particularly at 
time t = h>. However, if the switch is 
shunted by a damper diode, as shown 
in Fig. 88, the diode acts as a closed 
switch as soon as the capacitor voltage 
reverses slightly. The switch may then 
be closed at any time between t 2 and t 3 . 



Fig. 89 shows a typical horizontal- 
output-and-deflection circuit used in tele¬ 
vision receivers. In addition to supply¬ 
ing the deflection energy required for 
horizontal deflection of the picture-tube 
beam, this circuit provides the high dc 
voltage required for the ultor (anode) of 
the picture tube and the “boosted” B vol¬ 
tage for other portions of the receiver. 
The horizontal-output tube is usually a 
beam power tube such as the 6JB6A, 
6JG6A, or 6LQ6/6JE6C. 


In this circuit, a sawtooth voltage 
from the horizontal-oscillator tube is 
applied to the grid No. 1 of the horizon¬ 
tal-output tube. When this voltage rises 
above the cutoff point of the output 
tube, the tube conducts a sawtooth of 
plate current which is fed through the 
auto-transformer to the horizontal-de¬ 
flecting yoke. At the end of the horizon¬ 
tal-scanning cycle, which lasts for 63.4 
microseconds, the sawtooth voltage on 
the grid suddenly cuts off the output 
tube. This sudden change sets up an 
oscillation of about 50 to 70 kHz in 
the output circuit, which may be consid¬ 
ered as an inductor shunted by the stray 
capacitance of the circuit. During the first 
half of this oscillation, a positive voltage 
appears across the transformer. In the 



Fig. 89—Typical horizontal-deflection and 
high-voltage circuit. 

second half of the cycle, the voltage 
swings below the plate supply voltage, 
and the damper diode conducts, damp¬ 
ing out the oscillation. At the same time, 
the current through the deflecting yoke 
reverses and reaches its negative peak. 
As the damper-diode current decays to 
zero, the output tube begins to conduct 
again. The yoke current, therefore, is 
composed of current resulting from 
damper-diode conduction followed by 
output-tube conduction. 

When the output tube is suddenly 
cut off, the high-voltage pulse produced 
is increased by means of an extra wind¬ 
ing on the transformer. This high- 
voltage pulse charges a high-voltage 
capacitor through the high-voltage rec- 
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tifier. The output of this circuit is the 
de high-voltage supply for the picture 
tube. The high-voltage rectifier also ob¬ 
tains its filament power through a sepa¬ 
rate winding on the horizontal-output 
transformer. 

Current flowing through the damper 
diode charges the “boost” capacitor 
through the damper portion of the trans¬ 
former winding. The polarity of the 
charge on the capacitor is such that the 
voltage at the low end of the winding 
is increased above the plate supply volt¬ 
age, or B-f. This higher voltage or 
“boost” is used for the output-tube 
plate supply, and may also supply the 
deflection oscillators and other low- 
current-drain circuits in the receiver. 

Vertical Deflection 

The vertical-deflection circuit in a 
television receiver is essentially a class 
A audio amplifier with a complex load 
line, severe low-frequency requirements 
(much lower than 60 Hz), and a need 
for controlled linearity. The equivalent 
low-frequency response for a 10-percent 
deviation from linearity is 1 Hz. 

The required performance can be 
obtained in a vertical-deflection circuit 
in any of three ways. The amplifier 
may be designed to provide a flat re¬ 
sponse down to 1 Hz. This design, 
however, requires an extremely large 
output transformer and immense ca¬ 
pacitors. Another arrangement is to 
design the amplifier for fairly good 
low-frequency response and predistort 
the generated signal. 


The third method is to provide ex¬ 
tra gain so that feedback techniques 
can be used to provide linearity. If 
loop feedback of 20 or 30 dB is used, 
tube gain variations and nonlinearities 
become fairly insignificant. The feed¬ 
back automatically provides the neces¬ 
sary “predistortion” to correct low- 
frequency limitations. In addition, the 
coupling of miscellaneous signals (such 
as power-supply hum or horizontal- 
deflection signals) in the amplifying 
loop is suppressed. 

A modified multivibrator in which 
the vertical-output tube is part of the 
oscillator circuit is used in the vertical- 
deflection stage of many television re¬ 
ceivers. This stage supplies the deflec¬ 
tion energy required for vertical 
deflection of the picture-tube beam. A 
simplified combined vertical-oscillator- 
output stage is shown in Fig. 90. Wave¬ 
shapes at critical points of the circuit 
are included to illustrate the develop¬ 
ment of the desired current through the 
vertical-output transformer and deflect¬ 
ing yoke. 

The current waveform through the 
deflecting yoke and output transformer 
should be a sawtooth to provide the de¬ 
sired deflection. The grid and plate volt¬ 
age waveforms of the output tube could 
also be sawtooth except for the effect of 
the inductive components in the yoke 
and transformer. The effect of these in¬ 
ductive components must be taken into 
consideration, however, particularly 
during retrace. The fast rate of current 
change during retrace time (which is 
approximately 1/15 as long as trace 



Fig. 90—Simplified combined vertical-oscillator-and-output stage. 
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time) causes a high-voltage pulse at 
the plate which could give a trapezoi¬ 
dal waveshape to the plate voltage and 
cause increased plate current, excess 
damping, and lengthened retrace time. 
However, the grid voltage is made suf¬ 
ficiently negative during retrace to keep 
the tube close to cutoff, as described 
below. 

The frequency, and the relative de¬ 
viation of the positive and negative por¬ 
tions of each cycle, are dependent on 
the values of resistors Ri and R 3 and 
the RC combination RaC 2 , as explained 
in the section on multivibrators. The 
desired trapezoidal waveshape at the 
grid of V 2 is created by capacitor Ci 
and resistor R 2 . If R 2 were equal to 
zero, Ci would cause the grid-voltage 
waveshape to take the form shown in 
Fig. 91(a). When R 2 is sufficiently large, 
Ci does not discharge completely when 
Vi conducts. When Vi is cut off, there¬ 
fore, the voltage on the grid of V 2 im¬ 
mediately rises to the voltage across 
Ci. The resulting waveshape is shown 
in Fig. 91(b). The negative-going pulse 
of the grid-voltage waveshape prevents 
the high plate pulse from causing ex¬ 
cess conduction, and thereby prevents 
overdamping. 
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Fig. 91—Waveforms showing effect of R 2 
in Fig. 90. 

This vertical-deflection stage uti¬ 
lizes twin-triode tubes such as the 6DR7 
and 6GF7A. The 6GF7A is particularly 
suitable for this application because it 
incorporates dissimilar units to provide 
for the different operating requirements 
of the oscillator and output sections. 

High-Voltage Regulation 

In color television receivers, it is 
very important to regulate the high- 
voltage supply for the picture tube. 
Poor regulation of the high voltage can 
adversely affect the performance of the 
focusing and convergence circuits so 
that picture blooming results. In addi¬ 


tion, excessive voltage or current may 
be applied to the high-voltage rectifier, 
horizontal-output tube, and horizontal- 
output (flyback) transformer so that 
the useful life of these components is 
substantially shortened. In modern color 
television receivers, regulation of the 
high voltage is accomplished by use of 
a shunt-type electronic voltage regulator 
connected across the output of the high- 
voltage power supply or by use of a 
pulse-type regulator connected in shunt 
with the flyback transformer. 

Shunt Regulator Circuit—Fig. 92 
shows the schematic diagram of a typi¬ 
cal shunt regulator circuit. This circuit 
uses a 6BK4C/6EL4 or 6EN4 sharp- 
cutoff beam triode for the regulator 
tube and is suitable for regulation of 
the output of a high-voltage, high- 
impedance supply. The cathode of the 
regulator beam triode is held at a fixed 
positive potential with respect to 
ground. Because the grid potential is 
kept slightly less positive by the volt¬ 
age drop across resistor R 2 , the tube 
operates in the negative grid region 
and no grid current is drawn. 

When the output voltage, e 0 , rises 
as a result of a decrease in load current, 



Fig. 92 — High-voltage regulator circuit for 
color television. 

a small fraction of the additional volt¬ 
age is applied to the grid of the tube by 
the voltage-divider circuit consisting of 
Ri and R 2 . This increased grid voltage 
causes the tube to draw an increased 
current from the unregulated supply. 
The increased current, in turn, causes 
a voltage drop across the high internal 
impedance of the unregulated supply, 
R s , which tends to counteract the origi¬ 
nal rise of the voltage. If desired, the 
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grid may be connected to a variable 
point on the voltage divider to allow 
some adjustment of the output-voltage 
level. 

The grid voltage for the regulator 
can also be obtained from a tap on the 
B-boost voltage supply. The use of this 
lower voltage (about 375 volts) elimi¬ 
nates the need for costly and trouble¬ 
some high-voltage resistors. In this 
arrangement, variations in high voltage 
also vary the tapped-down B-boost volt¬ 
age at the regulator grid, and the result¬ 
ing variations in conduction of the 
regulator increase or decrease the load¬ 
ing of the high-voltage supply so that 
the total load remains nearly constant. 

The shunt regulator circuit, in ef¬ 
fect, presents a variable load impedance 
to the output of the high-voltage rec¬ 
tifier. Because the regulator is connected 
directly across the output of the recti¬ 
fier, the regulator tube is required to 
handle the full amount of the high 
voltage (approximately 25 kilovolts) 
applied to the picture tube. The tube 
area, therefore, must be well shielded 
to provide adequate X-ray protec¬ 
tion, and a relatively large area is 
required for voltage insulation. In addi¬ 
tion, the high-voltage rectifier is re¬ 
quired to conduct full-load current 
continuously. The shunt regulator main¬ 
tains a constant high voltage by sensing 
changes in the B Boost voltage, which 
are indicative of changes in beam 
current, and increasing or decreasing 
conduction accordingly. 

Pulse Regulator Circuit—In a 
pulse-regulator system, the regulator 
circuit is effectively shunted across part 
of the horizontal winding of the hori¬ 
zontal-output transformer. During oper¬ 
ation, the pulse-regulator circuit main¬ 
tains a substantially constant pulse 
amplitude in the primary winding of 
the horizontal-output transformer with 
changing loads on the high-voltage 
power supply. A constant-amplitude, 
stepped-up pulse is then applied to the 
high-voltage rectifier tube, and the high 
voltage developed from this pulse is 
maintained at a constant value. In the 
pulse-regulator system, regulator con¬ 
trol is achieved by sampling the picture- 


tube current by means of a special 
winding on the fly-back transformer 
and use of the resultant voltage drop 
(across a resistor) to control the grid 
circuit of the regulator tube. 

Fig. 93 shows the schematic dia¬ 
gram and significant waveforms for a 
circuit that uses a 17KV6A beam-power 
pentode for the regulator tube. During 
trace and retrace, the cathode of the 
17KV6A is held at B-f. During the trace 
period, the screen grid of the 17KV6A 
is biased well below the cathode volt¬ 
age and is unaffected by the beam cur¬ 
rent drawn by the picture tube. The 
control-grid bias is determined by the 
resistive voltage-divider network R 2 , 
R 3 , R«, and R 5 and is directly dependent 
on the beam current of the picture 
tube. The damper tube conducts during 
the trace period and holds the plate 
potential of the 17KV6A at B-{-. With 
the plate-to-cathode potential at zero 
and the screen grid negative with re¬ 
spect to the cathode, the regulator tube 
is completely cut off during the trace 
period. At the start of the retrace 
period, however, the damper tube be¬ 
comes reverse-biased, and the voltage 
on the plate of the regulator tube be¬ 
gins to rise. This increasing voltage is 
coupled to the screen grid through 
Ci and Ri and to the control grid 
through the interelectrode capacitance 
of the tube. 

The waveforms in Fig. 93 show 
that at the start of retrace the plate 
and screen grid of the 17KV6A have 
both been driven positive with respect 
to the cathode and the control grid 
has become less negative with respect 
to the cathode. The regulator tube then 
begins to conduct. The pulses impressed 
on the screen and control grids are 
short in duration so that the screen 
grid remains positive with respect to 
the cathode and the control grid re¬ 
mains near cathode potential for only 
a short time. The regulator tube is 
driven into conduction for approxi¬ 
mately 2 to 4 microseconds at the start 
of retrace and is then cut off. As the 
beam current increases or decreases, 
the voltage developed across the re- 
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sistive voltage-divider network R 2 , Rs, 
R 4 , and R 5 tracks these changes and is 
applied to the control grid of the regu¬ 
lator tube. In this way, the conduction 
of the regulator tube is increased or 
decreased as required to maintain a 
constant high-voltage output. By re¬ 


moval of the energy from the rising 
edge of the flyback pulse in this fash¬ 
ion, the height of the pulse used to 
develop the high voltage is controlled. 
At the same time interference with the 
shape of the deflection pulse is held 
to a minimum. 
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Color Demodulation 

In the transmission of picture sig¬ 
nals for color-television receivers, all 
the color information is contained in 
three signals, a luminance (black-and- 
white) or monochrome signal and two 
chrominance signals. The luminance 
signal, which is called the Y signal, con¬ 
tains brightness information only. The 
voltage response of the Y signal is 
made similar to the brightness response 
of the human eye by use of a composite 
signal that contains definite propor¬ 
tions of the red, green, and blue signals 
from the color-television camera (30 
per cent red, 59 per cent green, and 
11 per cent blue). This Y signal, which 
includes sync and blanking pulses, pro¬ 
vides a correct monochrome picture in 
a conventional black-and-white televi¬ 
sion receiver. 

For the generation of color-televi¬ 
sion signals, the Y signal is subtracted 
from the red, green, and blue signals 
to provide a new set of color-difference 
signals, which are designated as R-Y, 
B-Y, and G-Y. All of the original pic¬ 
ture information is contained in the Y 
signal, the R-Y signal, and the B-Y 
signal. Therefore, the G-Y signal is not 
contained in the transmitted signal, but 
is synthesized in the receiver by proper 
combination of the R-Y and B-Y sig¬ 
nals. 

(Color signals transmitted under 
present color-television standards are 
not R-Y and B-Y, but a similar pair of 
signals designated as I and Q. In the 
color-television receiver, R-Y and B-Y 
signals are demodulated directly from 
the I and Q signals with negligible loss 


of color quality. For purposes of sim¬ 
plicity, only R-Y and B-Y signals are 
considered in this explanation. In addi¬ 
tion, a 90-degree phase-shift network 
is shown; the phase-shift angle could 
be, and often is, some other value.) 

Because the luminance signal and 
the two color-difference signals must 
be transmitted with a standard 6-MHz 
channel, the two color signals are 
combined into one signal at the trans¬ 
mitter and are independently recovered 
at the receiver by proper detection 
techniques. A color subcarrier of ap¬ 
proximately 3.58 MHz is used for 
transmitting the color information 
within the 6-MHz spectrum of the tele¬ 
vision station. As shown in Fig. 94, 
the 3.58-MHz subcarrier and one of the 
color-difference signals are applied di¬ 
rectly to a balanced AM modulator. 
The other color-difference signal is ap¬ 
plied directly to a second balanced AM 
modulator, and the 3.58-MHz subcarrier 
is applied to this second modulator 
through a 90-degree phase-shifting net¬ 
work. The balanced modulators effec¬ 
tively cancel both the individual color- 
difference signals and the subcarrier 
signal, and the output contains only 
the sidebands of the combined chromi¬ 
nance signal. 

Recovery of the color information 
at the receiver involves a process called 
synchronous detection. In this process, 
two separate detectors are used to re¬ 
cover the separate color information, 
just as two separate modulators were 
used to combine the information at the 
transmitter. The 3.58-MHz subcarrier, 
which was suppressed during transmis¬ 
sion, must be reinserted at the receiver 
for recovery of the color information. 




Fig. 94—Formation of combined color signal for transmission. 
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Fig. 95—Separation of combined color signal into two signals at the receiver. 


The basis of synchronous detection is 
the phase relationship of this reinserted 
3.58-MHz subcarrier. 

For example, the original color in¬ 
formation is represented in Fig. 94 by 
the color-difference signals A and B. 
At the receiver, the combined color 
signal is fed to two demodulators A 
and B, as shown in Fig. 95. At the same 
time, a 3.58-MHz subcarrier is also 
fed to the two demodulators, with 
the same phase relationship that was 
used in the modulators at the trans¬ 
mitter. This locally generated subcar¬ 
rier essentially duplicates or replaces 
the original subcarrier, which was re¬ 
moved at the transmitter. 

The local 3.58-MHz oscillator in 
the color-television receiver is made 
to function at the proper frequency and 
phase by means of a synchronizing sig¬ 
nal sent out by the transmitter. This 
synchronizing signal consists of a short 
burst of 3.58-MHz signals transmitted 
during the horizontal blanking inter¬ 
val, immediately after the horizontal 
sync pulse, as shown in Fig. 96. 


HORIZONTAL 


SYNC 

PULSE 


BURST OF 3.58 MHz 
^/(8 CYCLES MIN) 



HORIZONTAL 

• BLANKING INTERVAL-H 

Fig. 96—Waveform for synchronizing 
signal. 


Fig. 97 shows a simplified diagram 
of a low-level color demodulator fre¬ 


quently used in color-television receiv¬ 
ers. The locally generated 3.58-MHz 
signal is applied to the grid No. 3 
of the pentode. The transmitted color 
signal containing the 3.58-MHz side¬ 
bands is applied to grid No. 1. The 
phase of the 3.58-MHz color signal 
constantly changes in accordance with 
its color content. For example, the fol¬ 
lowing table shows six variations in color 
(hue) as a function of subcarrier phase: 


Subcarrier Phase-degrees 
(with respect to 3.58-MHz 
local signal in phase with burst) Hue 


13 Yellow 

77 Red 

119 Magenta 

193 Blue 

257 Cyan 

299 Green 


The basic operating principle of 
the color demodulator shown in Fig. 
97 is that plate current from the pen¬ 
tode is zero (or quite low) unless both 
grid No. 1 and grid No. 3 are simul¬ 
taneously positive. For example, when 
the signals applied to the two grids 
are in phase, plate current can be ex¬ 
pected to flow for 180 degrees of 
each ac cycle. Conversely, when the 
signals are 180 degrees out of phase, 
plate current is cut off. The output sig¬ 
nal from the detector, therefore, is a 
function of the phase relationship be¬ 
tween the transmitted color signal and 
the locally generated subcarrier. 

In a typical color-television re¬ 
ceiver, two color demodulators of the 
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type shown in Fig. 97 are required. 
In one demodulator, the 3.58-MHz 
subcarrier signal is applied directly to 
the pentode grid No. 3 from the local 
“burst” oscillator. In the other demodu¬ 
lator, the 3.58-MHz signal from the 



Fig. 97 — Low-level color demodulator. 

burst oscillator is shifted 90 degrees 
in phase before it is applied to the 
pentode grid No. 3. As shown previ¬ 
ously in Fig. 95, the demodulator B 
produces R-Y signals. These B-Y and 
R-Y signals are then combined (ma- 
trixed) to produce the G-Y signal, as 
discussed earlier. The complete lumi¬ 
nance signal is then amplified to the 
required level in a conventional video¬ 
amplifier circuit. 

In some color-television receivers, 
the demodulators are designed so that 
the color output signals can be applied 
directly to the color picture tube. In 
the diagram shown in Fig. 98, for ex¬ 
ample, the 6JH8 sheet-beam demodula- 


TYPE 6JH8 



Fig. 98—Block diagram of demodulator 
circuit used to apply signals directly to 
color picture tube. 

tors produce both positive and negative 
B-Y and R-Y signals. The positive sig¬ 
nals are applied directly to the control 
grids (grid No. 1) of the blue and red 
guns of the color picture tube. At the 
same time, the negative color-difference 
signals are added (matrixed) in the 
correct proportions to produce the G-Y 


signal, which is applied to grid No. 1 of 
the green gun. 

Oscillation 

As an oscillator, an electron tube 
can be employed to generate a continu¬ 
ously alternating voltage. In present- 
day radio broadcast receivers, this 
application is limited practically to 
superheterodyne receivers for supplying 
the heterodyning frequency. Several cir¬ 
cuits (represented in Fig. 99) may 
be utilized, but they all depend on 
feeding more energy from the plate cir¬ 
cuit to the grid circuit than is required 
to equal the power loss in the grid cir¬ 
cuit. Feedback may be produced by 
electrostatic or electromagnetic coupling 
between the grid and plate circuits. 
When sufficient energy is fed back to 
more than compensate for the loss in 
the grid circuit, the tube will oscillate. 



B- A- B+ 
A+ 



Fig. 99 — Tuned-grid triode oscillator circuit ; 
(a) using filament-type tube; (b) using 
heater-cathode-type tube. 

The action consists of regular surges 
of power between the plate and the 
grid circuit at a frequency dependent 
on the circuit constants of inductance 
and capacitance. By proper choice of 
these values, the frequency may be ad¬ 
justed over a very wide range. 
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Multivibrators 

Relaxation oscillators, which are 
widely used in present-day electronic 
equipment, are used to produce non- 
sinusoidal waveshapes such as rectangu¬ 
lar and sawtooth pulses. Probably the 
most common relaxation oscillator is 
the multivibrator, which may be con¬ 
sidered as a two-stage resistance-coupled 
amplifier in which the output of each 
tube is coupled into the input of the 
other tube. 

Fig. 100 is a basic multivibrator 
circuit of the free-running type. In this 
circuit, oscillations are maintained by 
the alternate shifting of conduction from 
one tube to the other. The cycle usually 
starts with one tube, Vi, at zero bias, 
and the other, V 2 , at cutoff or beyond. 
At this point, the capacitor Ci is charged 
sufficiently to cut off V 2 . Ci then begins 
to discharge through the resistor R 4 , and 
the voltage on the grid of V 2 rises until 
V 2 begins to conduct. The voltage on the 
plate of V 2 then decreases, causing Vi to 
conduct less and less. At the same time, 
the plate voltage of Vi begins to rise, 
causing V 2 to conduct still more heavily. 
Because of the amplification, this cumu¬ 
lative effect builds up extremely fast, 
and conduction switches from Vi to V 2 



Fig. 100—Basic multivibrator circuit of 
the free-running type. 


within a few microseconds, depending 
on the circuit components. 

In this circuit, therefore, conduc¬ 
tion switches from Vi to V 2 over the 
interval during which Ci discharges 
from the voltage across R 4 to the cutoff 
voltage for V 2 . The actual transfer of 
conduction does not occur until cutoff 
is reached. Conduction switches back to 
Vi through a similar process to com¬ 
plete the cycle. The plate waveform is 
essentially rectangular in shape, and 


may be adjusted as to symmetry, fre¬ 
quency, and amplitude by proper choice 
of circuit constants, tubes, and voltages. 

Although this type of multivibrator 
is free-running, it may be triggered by 
pulses of a given amplitude and fre¬ 
quency to provide a frequency-stabilized 
output. Multivibrator circuits may also 
be designed so that they are not free- 
running, but must be triggered ex¬ 
ternally to shift conduction from one 
tube to the other. Depending on the 
type of circuit, conduction may shift 
back to the first tube after a given time 
interval, or the second tube may con¬ 
tinue conducting until another trigger 
signal is applied. 

Synchroguide Circuits 

The “synchroguide” is a controlled 
type of oscillator used in television re¬ 
ceivers to generate and control the syn¬ 
chronized sawtooth voltage necessary 
for adequate line- or horizontal-fre¬ 
quency scanning. A simplified synchro¬ 
guide circuit is shown in Fig. 101. This 
circuit provides stable, noise-free control 
of a blocking oscillator which generates 
a horizontal-frequency signal. It permits 
comparison of the received sync pulses 
and the generated sawtooth voltages so 
that properly locked-in horizontal scan¬ 
ning results. 

The triode V 2 in Fig. 101 is a con¬ 
ventional blocking oscillator which en¬ 
ables a sawtooth voltage to be developed 
across the capacitor C 2 . A portion of 
this sawtooth is fed back to the grid of 



Fig. 101—Simplified synchroguide circuit. 


the control tube, Vi. The positive sync 
pulses are also applied to the grid of 
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Vi. The waveforms shown in Fig. 102 
illustrate the sawtooth and sync pulses 
(A and B) and their proper “in-sync” 


cutoff _ 

c “TlTWl” 


CUTOFF- 


miTT 

Fig. 102- 


SYNC-PULSES 
" IN-SYNC" 

' COMBINATION 

OSCILLATING 
FREQUENCY 
LOWER THAN 
SYNC-PULSE 
FREQUENCY 


•Sawtooth and sync pulses in 
synchroguide circuit. 


combination (C). The sync pulse occurs 
partly during the portion of the saw¬ 
tooth voltage in which the triode Vi 
draws current. Any shift in sync pulse 
as it is superimposed on the sawtooth, 
therefore, will affect the amount of 
conduction of the control tube. A 
change in control-tube conduction ulti¬ 
mately affects the bias on the oscillator- 
tube grid by changing the voltage to 
which the capacitor Ci in the cathode 
circuit may charge. An increase in the 
positive bias increases the frequency of 
oscillation. 

For example, waveform D in Fig. 
102 illustrates a condition in which the 
sawtooth voltage is advanced in phase 
with respect to the sync pulses. The 
widening of the pulse which occurs at 
the corner of the sawtooth waveform 
allows the control tube to conduct more 
current and, consequently, allows the 
capacitor Ci to charge to a higher volt¬ 
age. This increased reference voltage 
also appears in the grid circuit of V 2 
and makes the grid more positive. The 
increased grid voltage then speeds up 
the frequency of oscillations until proper 
synchronization results. 

The blocking oscillator can be 
made more immune to changes in fre¬ 
quency and noise if V 2 is brought out of 
cutoff very sharply. This effect is ob¬ 
tained by sine-wave stabilization. The 
tuned circuit L 3 C 3 in the plate circuit 
of Fig. 101 superimposes a shock-excited 
sine wave on the plate and grid wave¬ 
forms, as shown in Fig. 103. 


Automatic Frequency Control 
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Fig. 103—Waveforms showing effect of 
tuned circuit L 3 C 3 in Fig. 101. 


(afc) circuit provides a means of cor¬ 
recting automatically the intermediate 
frequency of a superheterodyne receiver 
when, for any reason, it drifts from the 
frequency to which the if stages are 
tuned. This correction is made by ad¬ 
justing the frequency of the oscillator. 
Such a circuit will automatically com¬ 
pensate for slight changes in rf carrier 
or oscillator frequency as well as for 
inaccurate manual or push-button tun¬ 
ing. 

An afc system requires two sec¬ 
tions: a frequency detector and a vari¬ 
able reactance. The detector section may 
be essentially the same as the FM de¬ 
tector illustrated in Fig. 30 and dis¬ 
cussed under Detection. In the afc 
system, however, the output is a dc 
control voltage, the magnitude of which 
is proportional to the amount of fre¬ 
quency shift. This dc control voltage is 
used to control the grid bias of an elec¬ 
tron tube which comprises the variable 
reactance section (Fig. 104). 



Fig. 104—A utomatic-frequency-control 
(afc) circuit. 


The plate current of the reactance 
tube is shunted across the oscillator tank 
circuit. Because the plate current and 
plate voltage of the reactance tube are 
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almost 90 degrees out of phase, the con¬ 
trol tube affects the tank circuit in the 
same manner as a reactance. The grid 
bias of the tube determines the magni¬ 
tude of the effiective reactance and, con¬ 
sequently, a control of this grid bias can 
be used to control the oscillator fre¬ 
quency. 

Automatic frequency control is also 
used in television receivers to keep the 
horizontal oscillator in step with the 
horizontal-scanning frequency (15,750 
Hz) at the transmitter. A widely used 
horizontal afc circuit is shown in Fig. 
105. This circuit, which is often referred 
to as a balanced-phase-detector or 
phase-discriminator circuit, is usually 
employed to control the frequency of 
a multivibrator-type horizontal-oscilla¬ 
tor circuit. The 6AL5 detector supplies 
a dc control voltage to the grid of the 
horizontal-oscillator tube which counter¬ 
acts changes in its operating frequency. 
The magnitude and polarity of the con¬ 
trol voltages are determined by phase 
relationships in the afc circuit at a 
given moment. 

The horizontal sync pulses obtained 
from the sync-separator circuit are fed 
through a single-triode phase-inverter 
or phase-splitter circuit to the two diode 
units of the 6AL5. Because of the action 
of the phase-inverter circuit, the signals 
applied to the two diode units are equal 
in amplitude but 180 degrees out of 



DC CORRECTION 
VOLTAGE TO GRID 
OF HORIZONTAL 
OSCILLATOR 

Fig. 105—Balanced phase-detector or 
phase-discriminator circuit for 
horizontal afc. 


phase. A reference sawtooth voltage ob¬ 
tained from the horizontal output cir¬ 
cuit is also applied simultaneously to 
both units. Any change in the oscillator 
frequency alters the phase relationship 
between the reference sawtooth and the 
incoming horizontal sync pulses, caus¬ 
ing one diode unit of the 6AL5 to con¬ 
duct more heavily than the other, and 
thus producing a correction signal. The 
system remains balanced at all times, 
therefore, because momentary changes 
in oscillator frequency are instantane¬ 
ously corrected by the action of the 
control voltage. 

The diode units of the 6AL5 are 
biased so that conduction takes place 
only during the tips of the sync pulses. 
The relative position of the sync pulses 
on the retrace portion of the sawtooth 
waveform at any given instant deter¬ 
mines which diode unit conducts more 
heavily, and thereby establishes the 
magnitude and polarity of the control 
voltage. The network between the diode 
units and the grid of the horizontal- 
oscillator tube is essentially a low-pass 
filter which prevents the horizontal sync 
pulses from affecting the horizontal- 
oscillator performance. 

Frequency Conversion 

Frequency conversion is used in 
superheterodyne receivers to change the 
frequency of the rf signal to an inter¬ 
mediate frequency. To perform this 
change in frequency, a frequency-con¬ 
verting device consisting of an oscillator 
and a frequency mixer is employed. In 
such a device, shown diagrammatically 
in Fig. 106, two voltages of different 
frequency, the rf signal voltage and the 
voltage generated by the oscillator, are 
applied to the input of the frequency 
mixer. These voltages beat, or hetero¬ 
dyne, within the mixer tube to produce 
a plate current having, in addition to 



FREQUENCY CONVERTER 
Fig. 106—Block diagram of simple fre¬ 
quency-converter circuit. 
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the frequencies of the input voltages, 
numerous sum and difference frequen- 
cies. 

The output circuit of the mixer 
stage is provided with a tuned circuit 
which is adjusted to select only one beat 
frequency, i.e., the frequency equal to 
the difference between the signal fre¬ 
quency and the oscillator frequency 
The selected output frequency is known 
as the intermediate frequency, or if. 
The output frequency of the mixer tube 
is kept constant for all values of sig¬ 
nal frequency by tuning the oscillator 
to the proper frequency. 

Important advantages gained in a 
receiver by the conversion of signal fre¬ 
quency to a fixed intermediate frequency 
are high selectivity with few tuning 
stages and a high, as well as stable, over¬ 
all gain for the receiver. 

Several methods of frequency con¬ 
version for superheterodyne receivers 
are of interest. These methods are alike 
in that they employ a frequency-mixer 
tube in which plate current is varied at 
a combination frequency of the signal 
frequency and the oscillator frequency. 
These variations in plate current pro¬ 
duce across the tuned plate load a volt¬ 
age of the desired intermediate fre¬ 
quency. The methods differ in the types 
of tubes employed and in the means of 
supply input voltages to the mixer tube. 

A method widely used before the 
availability of tubes especially designed 
for frequency-conversion service, and 
currently used in many FM, television, 
and standard broadcast receivers, em¬ 
ploys as mixer tube either a triode, a 
tetrode, or a pentode, in which oscillator 
voltage and signal voltage are applied to 
the same grid. In this method, coupling 
between the oscillator and mixer circuits 
is obtained by means of inductance or 
capacitance. 

A second method employs a tube 
having an oscillator and frequency mixer 
combined in the same envelope. In one 
form of such a tube, coupling between 
the two units is obtained by means of 
the electron stream within the tube. 
Because five grids are used, the tube is 
called a pentagrid converter. 

Grids No. 1 and No. 2 and the 


cathode are connected to an external 
circuit to act as a triode oscillator. Grid 
No. 1 is the grid of the oscillator and 
grid No. 2 is the anode. Grid No. 2 
is connected within the tube to the 
screen grid (grid No. 4). The com¬ 
bined two grids. Nos. 2 and 4, shield 
the signal grid (grid No. 3) and act 
as the composite anode of the oscillator 
triode. Grid No. 5 acts as the suppres¬ 
sor grid. 

Converter tubes of this type are de¬ 
signed so that the space charge around 
the cathode is unaffected by electrons 
from the signal grid. Furthermore, the 
electrostatic field of the signal grid also 
has little effect on the space charge. The 
result is that rf voltage on the signal 
grid produces little effect on the cath¬ 
ode current. There is, therefore, little 
detuning of the oscillator by avc bias 
because changes in avc bias produce 
little change in oscillator transconduct¬ 
ance or in the input capacitance of grid 
No. 1. 

Examples of the pentagrid conver¬ 
ters discussed in the preceding para¬ 
graph are the single-ended types 1R5 
and 6BE6. A schematic diagram illus¬ 
trating the use of the 6BE6 with self¬ 
excitation is given in Fig. 107. The 
6BE6 may also be used with separate 
excitation. A complete circuit is shown 
in the Circuits section. 


TYPE 6BE6 



Fig. 107 — Frequency-converter circuit using 
the 6BE6 pentagrid converter with self - 
excitation . 


A further method of frequency con¬ 
version employs a tube called a penta¬ 
grid mixer. This type has two independ¬ 
ent control grids and is used with a 
separate oscillator tube. RF signal volt¬ 
age is applied to one of the control grids 
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and oscillator voltage is applied to the 
other. It follows, therefore, that the 
variations in plate current are due to 
the combination of the oscillator and 
signal frequencies. 

The tube contains a heater-cathode, 
five grids, and a plate. Grids Nos. 1 and 
3 are control grids. The rf signal volt¬ 
age is applied to grid No. 1. This grid 
has a remote-cutoff characteristic and is 
suited for control by avc bias voltage. 
The oscillator voltage is applied to grid 
No. 3. This grid has a sharp-cutoff char¬ 
acteristic and produces a comparatively 
large effect on plate current for a small 
amount of oscillator voltage. Grids Nos. 
2 and 4 are connected together within 
the tube. They accelerate the electron 
stream and shield grid No. 3 electro¬ 
statically from the other electrodes. 
Grid No. 5, connected within the tube 
to the cathode, functions similarly to 
the suppressor grid in a pentode. 

In the converter or mixer stage of 
a television receiver, stable oscillator 
operation is most readily obtained when 
separate tubes or tube sections are used 
for the oscillator and mixer functions. 
A typical television mixer-oscillator cir¬ 
cuit is shown in Fig. 108. In such cir¬ 
cuits, the oscillator voltage is applied to 
the mixer grid by inductive coupling, ca¬ 
pacitive coupling, or a combination of 
the two. Tubes containing electrically 
independent oscillator and mixer units 
in the same envelope, such as the 
6EA8 and 6KE8 are designed especially 
for this application. 



Fig. 108—Typical television mixer-oscillator 
circuit. 


Tuning Indication With 
Electron-Ray Tubes 

Electron-ray tubes are designed to 
indicate visually by means of a fluores¬ 
cent target the effects of a change in 
controlling voltage. One application of 
them is as tuning indicators in radio 
receivers. Types such as the 6U5 and 


the 6E5 contain two main parts: (1) a 
triode which operates as a dc amplifier 
and (2) an electron-ray indicator which 
is located in the bulb as shown in Fig. 
109. The target is operated at a positive 
voltage and, therefore, attracts electrons 
from the cathode. When the electrons 
strike the target they produce a glow 
on the fluorescent coating of the tar¬ 
get. Under these conditions, the target 
appears as a ring of light. 

A ray-control electrode is mounted 
between the cathode and target. When 
the potential of this electrode is less 
positive than the target, electrons flow¬ 
ing to the target are repelled by the 
electrostatic field of the electrode, and 
do not reach that portion of the target 
behind the electrode. Because the target 
does not glow where it is shielded from 
electrons, the control electrode casts a 
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Fig. 109—Structure of electron-ray tube. 


shadow on the glowing target. The ex¬ 
tent of this shadow varies from approxi¬ 
mately 100 degrees of the target when 
the control electrode is much more nega¬ 
tive than the target to 0 degrees when 
the control electrode is at approximately 
the same potential as the target. 

In the application of the electron- 
ray tube, the potential of the control 
electrode is determined by the voltage 
on the grid of the triode section, as can 
be seen in Fig. 110. The flow of the 
triode plate current through resistor R 
produces a voltage drop which de¬ 
termines the potential of the control 
electrode. When the voltage of the triode 
grid changes in the positive direction, 
plate current increases, the potential of 
the control electrode goes down because 
of the increased drop across R, and the 
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shadow angle widens. When the poten¬ 
tial of the triode grid changes in the 
negative direction, the shadow angle 
narrows. 



Fig. 110—Indicating circuit using an 
electron-ray tube. 


Another type of indicator tube is 
the 6AF6G. This tube contains only an 
indicator unit but employs two ray-con¬ 
trol electrodes mounted on opposite 
sides of the cathode and connected to 
individual base pins. It employs an ex¬ 
ternal dc amplifier. (See Fig. 111.) 
Thus, two symmetrically opposite 
shadow angles may be obtained by con¬ 
necting the two ray-control electrodes 
together; or, two unlike patterns may 
be obtained by individual connection of 
each ray-control electrode to its re¬ 
spective amplifier. 


In radio receivers, avc voltage is 
applied to the grid of the dc amplifier. 

TYPE 

TYPE 6K7 6AF6-G 



R: TYPICAL VALUE IS 0.5 MEGOHM 

Fig. Ill—Indicating circuit using 6AF6G 
electron-ray tube and external dc amplifier. 

Because avc voltage is at maximum 
when the set is tuned to give maximum 
response to a station, the shadow angle 
is at minimum when the receiver is 
tuned to resonance with the desired 
station. 

The choice between electron-ray 
tubes depends on the avc characteristic 
of the receiver. The 6E5 contains a 
sharp-cutoff triode which closes the 
shadow angle on a comparatively low 
value of avc voltage. The 6U5 has a 
remote-cutoff triode which closes the 
shadow on a larger value of avc 
voltage than the 6E5. The 6AF6G 
may be used in conjunction with 
dc amplifier tubes having either re¬ 
mote- or sharp-cutoff characteristics. 
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T HE installation of electron tubes 
requires care if reliable perform¬ 
ance is to be obtained from the asso¬ 
ciated circuits. Installation suggestions 
and precautions which are generally 
common to all types of tubes are cov¬ 
ered in this section. Additional per¬ 
tinent information is given under each 
tube type and in the Circuits section. 

Filament and Heater 
Power Supply 

The design of electron tubes allows 
for some variation in the voltage and 
current supplied to the filament or 
heater, but most satisfactory results are 
obtained from operation at the rated 
values. When the voltage is low, the 
temperature of the cathode is below 
normal, with the result that electron 
emission is limited. The limited emis¬ 
sion may cause unsatisfactory operation 
and reduced tube life. On the other 
hand, high heater voltage may cause 
rapid evaporation of cathode material 
and shorten tube life. 

To insure proper tube operation, it 
is important that the filament or heater 
voltage be checked at the socket termi¬ 
nals by means of a high-resistance volt¬ 
meter while the equipment is in opera¬ 
tion. In the case of series operation of 
heaters or filaments, correct adjustment 
can be checked by means of an ammeter 
in the heater or filament circuit. 

The filament or heater voltage sup¬ 
ply may be a direct-current source (a 
battery or a dc power line) or an alter¬ 
nating-current power line, depending on 
the type of service and type of tube. 


Ordinarily, a step-down transformer is 
used with an ac supply to provide the 
proper filament or heater voltage. Re¬ 
ceivers intended for operation on both 
dc and ac power lines have the heaters 
connected in series with a suitable re¬ 
sistor and supplied directly from the 
power line. 

Mobile and marine receivers have 
the heaters of the tubes connected di¬ 
rectly across the battery supply. 

Parallel heater operation usually 
requires a step-down transformer to 
reduce the 120 Vac line voltage to 
typically 6.3 Vac. Care must be taken 
to prevent excessive voltage drop in 
the heater circuit wiring which would 
result in incorrect voltage at the tube 
terminals. 

Series heater operation eliminates 
the need for a step-down transformer 
and is economical when a number of 
tubes rated at the same heater current 
have a total heater voltage drop which 
adds up to an available supply volt¬ 
age. A voltage-dropping resistor in 
series with the heaters and the supply 
line is usually required. This resistance 
should be of such value that for normal 
line voltage the tubes will operate at 
their rated heater current. The resis¬ 
tor value is calculated by the follow¬ 
ing formula. 

Required resistance (ohms) = 

supply volts — total rated volts of tubes 
rated amperes of tubes 

The power dissipation of the re¬ 
sistor (in watts) is equal to the volt¬ 
age drop of the resistor multiplied by 
the series string current in amperes. 
A resistor having a wattage rating well 
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in excess of this value should be 
chosen. 

A convenient means exists for ob¬ 
taining a heater supply voltage drop 
without the disadvantage of a power- 
dissipating resistor. A diode in series 
with the 120 Vac line provides a half 
wave rectified sine wave of 84 V 
( \/2 x RMS input). The diode po- 
2 

larity should be such as to operate the 
heaters negative. (See heater-cathode 
voltage below.) In TV receivers de¬ 
signed for instant-on operation such 
a series-connected diode can be used 
for stand-by operation (70% of rated 
heater voltage) of a 120 Vac series 
string. 

Heater-Cathode Voltage 

When the series-heater connection 
is used in equipment, it is advisable 
to arrange the heaters in the circuit so 
that tubes most sensitive to hum dis¬ 
turbances are at or near ground poten¬ 
tial of the circuit. This arrangement 
reduces the amount of AC heater- 
cathode voltage of these tubes and 
minimizes hum interference. Other 
tubes operated with grounded cathode, 
such as horizontal deflection ampli¬ 
fiers or tube insulated for high heater 
cathode voltage, such as damper, are 
more immune to heater-cathode leak¬ 
age. 

Typical orders of series-string 
connections, by tube function, are 
shown below. 

Heater-type tubes may produce 


hum as a result of conduction between 
heater and cathode or between heater 
and control grid, or by modulation of 
the electron stream by the alternating 
magnetic field surrounding the heater. 
When a large resistor is used between 
heater and cathode (as in series-con¬ 
nected heater strings), or when one side 
of the heater is grounded, even a minute 
pulsating leakage current between heater 
and cathode can develop a small volt¬ 
age across the cathode-circuit imped¬ 
ance and cause objectionable hum. The 
use of a large cathode bypass capacitor 
is recommended to minimize this source 
of hum. 

Much lower hum levels can be 
achieved when heaters are connected in 
parallel systems in which the center-tap 
of the heater supply is grounded or, 
preferably, connected to a positive bias 
source of 15 to 80 volts dc to reduce the 
flow of alternating current. The heater 
leads of the tubes should be twisted and 
kept away from high-impedance circuits. 
The balanced ac supply provides almost 
complete cancellation of the alternat¬ 
ing-current components. 

The balanced arrangement de¬ 
scribed above also minimizes heater- 
grid hum. High grid-circuit impedances 
should be avoided, if possible. High 
heater voltages should also be avoided 
because heater-cathode hum rises sharply 
when the heater voltage is increased 
above the published value. 

Certain tube types are designed 
especially to minimize hum in high- 
quality, high-fidelity audio equipment. 
Examples are the 5879, 7025, and 7199. 



Fig. 112A~Order of series heater-string connection , by tube function , to minimize 
hum in a radio receiver. 
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Fig. 112B—Order of series heater-string connection, by tube function, to minimize 

hum in a TV receiver. 


Plate Voltage Supply 

The plate voltage for electron tubes 
is obtained from batteries, rectifiers, 
direct-current power lines, and small 
local generators. The maximum plate- 
voltage value for any tube type should 
not be exceeded if most satisfactory 
performance is to be obtained. Plate 
voltage should not be applied to a tube 
unless the corresponding recommended 
voltage is also supplied to the grid. 

It is recommended that the primary 
circuit of the power transformer be 
fused to protect the rectifier tube(s), the 
power transformer, filter capacitor, and 
chokes in case a rectifier tube fails. 

Grid Voltage Supply 

The recommended grid voltages for 
different operating conditions have been 
carefully determined to give the most 
satisfactory performance. Grid voltage 
may be obtained from a fixed source 
such as a separate C-battery or a tap on 
the voltage divider of the high-voltage 
dc supply, from the voltage drop across 
a resistor in the cathode circuit, or from 
the voltage drop across a resistor in the 
grid circuit. The first method is called 
“fixed bias”; the second is called “cath¬ 
ode bias” or “self bias”; the third is 
called “grid-resistor bias” and is some¬ 
times incorrectly referred to in re¬ 
ceiving-tube practice as “zero-bias 
operation.” 


In any case, the object is to make 
the grid negative with respect to the 
cathode by the specified voltage. When 
a C-battery is used, the negative termi¬ 
nal is connected to the grid return and 
the positive terminal is connected to the 
negative filament socket terminal, or to 
the cathode terminal if the tube is of 
the heater-cathode type. If the filament 
is supplied with alternating current, this 
connection is usually made to the cen¬ 
ter-tap of a low resistance (20 to 50 
ohms) shunted across the filament ter¬ 
minals. This method reduces hum dis¬ 
turbances caused by the ac supply. If 
bias voltages are obtained from the 
voltage divider of a high-voltage dc 
supply, the grid return is connected to 
a more negative tap than the cathode. 

The cathode-biasing method uti¬ 
lizes the voltage drop produced by the 
cathode current flowing through a re¬ 
sistor connected between the cathode 
and the negative terminal of the B-sup- 
ply. (See Fig. 113.) The cathode current 
is, of course, equal to the plate current 
in the case of a triode, or to the sum 
of the plate and grid-No. 2 currents 
in the case of a tetrode, pentode, or 
beam power tube. Because the voltage 
drop along the resistance is increas¬ 
ingly negative with respect to the cath¬ 
ode, the required negative grid-bias 
voltage can be obtained by connecting 
the grid return to the negative end of 
the resistance. 
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Fig. 113—Typical grid-voltage supply circuits . 


The value of the resistance tor 
cathode-biasing a single tube can be de¬ 
termined from the following formula: 

Resistance (ohms) = 

desired grid-bias voltage X 1000 
rated cathode current in milliamperes 
Thus, the resistance required to pro¬ 
duce 9 volts bias for a triode which 
operates at 3 milliamperes plate current 
is 9 X 1000/3 = 3000 ohms. If the 
cathode current of more than one tube 
passes through the resistor, or if the 
tube or tubes employ more than three 
electrodes, the total current determines 
the size of the resistor. 

Bypassing of the cathode-bias re¬ 
sistor depends on circuit-design require¬ 
ments. In rf circuits the cathode resistor 
usually is bypassed. In af circuits the 
use of an unbypassed resistor will re¬ 
duce distortion by introducing degene¬ 
ration into the circuit. However, the 
use of an unbypassed resistor decreases 
gain and power sensitivity. When by¬ 
passing is used, it is important that the 
bypass capacitor be sufficiently large to 
have negligible reactance at the lowest 
frequency to be amplified. 

In the case of power-output tubes 
having high transconductance, such as 
beam power tubes, it may be necessary 
to shunt the bias resistor with a small 
mica capacitor (approximately 0.00 IaF) 
in order to prevent oscillations. The 
usual af bypass may or may not be 
used, depending on whether or not 
degeneration is desired. In tubes having 
high values of transconductance, such 
as the 6BA6, 6CB6A, and 6AC7, input 
capacitance and input conductance 
change appreciably with plate current. 


When such a tube having a separate 
suppressor-grid connection is used as an 
rf amplifier, these changes may be mini¬ 
mized by leaving a certain portion of 
the cathode-bias resistor unbypassed. In 
order to minimize feedback when this 
method is used, the external grid-No. 1- 
to-plate (wiring) capacitances should be 
kept to a minimum, the grid No. 2 
should be bypassed to ac ground, and 
the grid No. 3 should be connected to 
ac ground. 

The use of a cathode resistor to 
obtain bias voltage is not recommended 
for amplifiers in which there is appre¬ 
ciable shift of electrode currents with 
the application of a signal. In such 
amplifiers, a separate fixed supply is 
recommended. 

The grid-resistor biasing method 
is also a self-bias method because it 
utilizes the voltage drop across the grid 
resistor produced by small amounts of 
grid current flowing in the grid-cathode 
circuit. This current is due to (1) an 
electromotive potential difference be¬ 
tween the materials comprising the grid 
and cathode and (2) grid rectification 
when the grid is driven positive. A large 
value of resistance is required in order 
to limit this current to a very small 
value and to avoid undesirable loading 
effects on the preceding stage. 

Examples of this method of bias 
are given in the Circuits section. In 
these circuits, the audio amplifier type 
1U5 or 12AV6 has a 10-megohm resistor 
between the grid and the negative fila¬ 
ment or cathode to furnish the required 
bias, which is usually less than 1 volt. 
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This method of biasing is used prin¬ 
cipally in the early voltage-amplifier 
stages (usually employing high-mu 
triodes) of audio amplifier circuits, 
where the tube dissipation will not be 
excessive under zero-signal conditions. 

A grid resistor is also used in many 
oscillator circuits for obtaining the re¬ 
quired bias. In these circuits, the grid 
voltage is relatively constant and its 
magnitude is usually in the order of 5 
volts or more. Consequently, the bias 
voltage is obtained only through grid 
rectification. A relatively low value 
of resistor, 0.1 megohm or less, is 
used. Oscillator circuits employing this 
method of bias are given in the Circuits 
section. 

Grid-bias variation for the rf and 
if amplifier stages is a convenient and 
frequently used method for controlling 
receiver volume. The variable voltage 
supplied to the grid may be obtained: 
(1) from a variable cathode resistor as 
shown in Figs. 114 and 115; (2) from a 
bleeder circuit by means of a poten¬ 
tiometer as shown in Fig. 116; or (3) 
from a bleeder circuit in which the 
bleeder current is varied by a tube 



Fig. 114—Amplifier stage using a variable 
cathode-bias resistor for volume control. 

used for automatic volume control. 
The latter circuit is shown in Fig 61. 

In all cases it is important that 
the control be arranged so that at no 
time will the bias be less than the 
recommended minimum grid-bias volt¬ 
age for the particular tubes used. This 
requirement can be met by providing 
a fixed stop on the potentiometer, by 
connecting a fixed resistance in series 
with the variable resistance, or by con- 
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necting a fixed cathode resistance in 
series with the variable resistance used 
for regulation. Where receiver gain is 



Fig. 115—Amplifier stage similar to Fig. 

114 but using heater-cathode-type tube. 

controlled by grid-bias variation, it is 
advisable to have the control voltages 
extend over a wide range in order to 
minimize cross-modulation and modula¬ 
tion-distortion. A remote-cutoff type of 
tube should, therefore, be used in the 
controlled stages. 



Fig. 116—Amplifier stage using a bleeder 
circuit and potentiometer for volume 
control. 

In most tubes employing a unipo¬ 
tential cathode, a positive grid current 
begins to flow when the grid is slightly 
negative and increases rapidly as the 
grid is made more positive, as shown 
in Fig. 117. The value of grid voltage 
at which the grid-current curve inter¬ 
cepts the horizontal axis is determined 
by several different physical processes, 
including an electrothermal effect due 
to the differences in temperature and 
in material composition of the grid 
and the cathode, and by the positive 
grid current. For values of grid poten¬ 
tials which are larger than this inter¬ 
cept, the direction of the grid current 
is positive (i.e., from the cathode to 
the grid). At smaller values of grid po¬ 
tential, the direction of the grid current 
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is negative ( i.e from the grid to the 
cathode). 

Positive grid current consists of 
electrons emitted from the cathode 
which are intercepted by the control 
grid. Negative grid current, which be¬ 
comes appreciable only when the grid 
potential is more negative than the 
value of the intercept, is a result of 
the emission of electrons from the 
heated control grid to the cathode, the 
effect of gas molecules in the tube, 
and the influence of leakage currents 
between the grid and cathode and the 
grid and the plate. 

The value of grid potential at the 
intercept of the grid-current curve on 
the horizontal axis (often mistakenly 
called contact potential) may be as high 
as IV 2 volts. If the operating bias of the 
tube is less than this intercept, it is 
found that two effects are present. 
Direct current flows in the grid circuit, 
and the dynamic input resistance of the 
tube may be relatively low. It is gen¬ 
erally desirable to supply the tube with 
a value of bias sufficiently high so that 
the operating point of the tube is not 
near the value of this intercept. If the 
value of the operating bias is near the 
value of the intercept, care should be 
taken to avoid undesirable effects in 
the grid circuit due to grid current or 
low input resistance. 



Fig. 117—Curves showing flow of positive 
grid current in tubes employing unipotential 
cathodes. 


Screen-Grid Voltage Supply 

The positive voltage for the screen 
grid (grid No. 2) of screen-grid tubes 
may be obtained from a tap on a volt¬ 
age divider, from a potentiometer, or 
from a series resistor connected to a 
high-voltage source, depending on the 
particular tube type and its application. 
The screen-grid voltage for tetrodes 
should be obtained from a voltage 
divider or a potentiometer rather than 
through a series resistor from a high- 
voltage source because of the character¬ 
istic screen-grid current variations of 
tetrodes. Fig. 118 shows a tetrode with 
its screen-grid voltage obtained from a 
potentiometer. 

When pentodes or beam power 
tubes are operated under conditions 
where a large shift of plate and screen- 
grid currents does not take place with 
the application of the signal, the screen- 
grid voltage may be obtained through 
a series resistor from a high-voltage 



Fig. 118—Tetrode circuit in which screen- 
grid voltage is obtained from a 
potentiometer. 

source. This method of supply is pos¬ 
sible because of the high uniformity 
of the screen-grid current characteristic 
in pentodes and beam power tubes. 
Because the screen-grid voltage rises 
with increase in bias and resulting de¬ 
crease in screen-grid current, the cutoff 
characteristic of a pentode is extended 
by this method of supply. 

This method is sometimes used to 
increase the range of signals which can 
be handled by a pentode. When used 
in resistance-coupled amplifier circuits 
employing pentodes in combination 
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with the cathode-biasing method, it 
minimizes the need for circuit adjust¬ 
ments. Fig. 119 shows a pentode with 
its screen-grid voltage supplied through 
a series resistor. 

When power pentodes and beam 
power tubes are operated under condi¬ 
tions such that there is a large change 
in plate and screen-grid currents with 
the application of signal, the series- 
resistor method of obtaining screen-grid 
voltage should not be used. A change 
in screen-grid current appears as a 



Fig. 119—Pentode circuit in which screen- 
grid voltage is supplied through a series 
resistor. 

change in the voltage drop across the 
series resistor in the screen-grid circuit; 
the result is a change in the power 
output and an increase in distortion. 
The screen-grid voltage should be ob¬ 
tained from a point in the plate-voltage- 
supply filter system having the correct 
voltage, or from a separate source. 

It is important to note that the 
plate voltage of tetrodes, pentodes, and 
beam power tubes should be applied 
before or simultaneously with the 
screen-grid voltage. Otherwise, with 
voltage on the screen grid only, the 
screen-grid current may rise high 
enough to cause excessive screen-grid 
dissipation. 

Screen-grid voltage variation for 

the rf amplifier stages has sometimes 
been used for volume control in older- 
type receivers. Reduced screen-grid volt¬ 
age decreases the transconductance of 
the tube and results in reduced gain 
per stage. The voltage variation is ob¬ 
tained by means of a potentiometer 
shunted across the screen-grid voltage 
supply. (See Fig. 118.) When the screen- 
grid voltage is varied, it must never 


exceed the rating of the tube. This 
requirement can be met by providing 
a fixed stop on the potentiometer. 

Shielding 

In high-frequency stages having 
high gain, the output circuit of each 
stage must be shielded from the input 
circuit of that stage. Each high-fre¬ 
quency stage also must be shielded 
from the other high-frequency stages. 
Unless shielding is employed, undesired 
feedback may occur and may produce 
many harmful effects on receiver per¬ 
formance. 

To prevent this feedback, it is a 
desirable practice to shield separately 
each unit of the high-frequency stages. 
For instance, in a superheterodyne re¬ 
ceiver, each if and rf coil may be 
mounted in a separate shield can. 
Baffle plates may be mounted on the 
ganged tuning capacitor to shield each 
section of the capacitor from the other 
section. The oscillator coil may be es¬ 
pecially well shielded by being mounted 
under the chassis. 

The shielding precautions required 
in a receiver depend on the design of 
the receiver and the layout of the parts. 
In all receivers having high-gain high- 
frequency stages, it is necessary to 
shield separately each tube in high- 
frequency stages. When metal tubes, 
and in particular the single-ended types, 
are used, complete shielding of each 
tube is provided by the metal shell 
which is grounded through its ground¬ 
ing pin at the socket terminal. The 
grounding connection should be short 
and sturdy. Many modern tubes of glass 
construction have internal shields, us¬ 
ually connected to the cathode; where 
present, these shields are indicated in 
the socket diagram. 

Dress of Circuit Leads 

At high frequencies such as are en¬ 
countered in FM and television re¬ 
ceivers, lead dress, that is, the location 
and arrangement of the leads used for 
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connections in the receiver, is very im¬ 
portant. Because even a short lead 
provides a large impedance at high fre¬ 
quencies, it is necessary to keep all 
high-frequency leads as short as pos¬ 
sible. This precaution is especially im¬ 
portant for ground connections and for 
all connections to bypass capacitors 
and high-frequency filter capacitors. 
The ground connections of plate and 
screen-grid bypass capacitors of each 
tube should be kept short and made 
directly to cathode ground. 

Particular care should be taken 
with the lead dress of the input and 
output circuits of high-frequency stages 
so that the possibility of stray coupling 
is minimized. Unshielded leads con¬ 
nected to shielded components should 
be dressed close to the chassis. As the 
frequency increases, the need for care¬ 
ful lead dress becomes increasingly 
important. 

In high-gain audio amplifiers, these 
same precautions should be taken to 
minimize the possibility of self-oscilla¬ 
tion. 


Filters 


Feedback effects also are caused in 
radio or television receivers by coupling 
between stages through common volt¬ 
age-supply circuits. Filters find an im¬ 
portant use in minimizing such effects. 
They should be placed in voltage-supply 
leads to each tube in order to return 
the signal current through a low-im¬ 
pedance path direct to the tube cathode 
rather than by way of the voltage- 
supply circuit. Fig. 120 illustrates several 
forms of filter circuits. Capacitor C 
forms the low-impedance path, while 
the choke or resistor assists in diverting 
the signal through the capacitor by 
offering a high impedance to the power- 
supply circuit. 

The choice between a resistor and 
a choke depends chiefly upon the per¬ 
missible dc voltage drop through the 
filter. In circuits where the current is 
small (a few milliamperes), resistors are 
practical; where the current is large or 
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Fig. 120—Typical filter circuits. 


regulation important, chokes are more 
suitable. 

The minimum practical size of the 
capacitors may be estimated in most 
cases by the following rule: The imped¬ 
ance of the capacitor at the lowest fre¬ 
quency amplified should not be more 
than one-fifth of the impedance of the 
filter choke or resistor at that frequency. 
Better results will be obtained in special 
cases if the ratio is not more than one- 
tenth. 

Radio-frequency circuits, particu¬ 
larly at high frequencies, require high- 
quality capacitors. Mica or ceramic ca¬ 
pacitors are preferable. Where stage 
shields are employed, filters should be 
placed within the shield. 

Another important application of 
filters is to smooth the output of a 
rectifier tube. (See Rectification.) A 
smoothing filter usually consists of ca¬ 
pacitors and iron-core chokes. In any 
filter-design problem, the load imped¬ 
ance must be considered as an integral 
part of the filter because the load is 
an important factor in filter perform¬ 
ance. Smoothing effect is obtained from 
the chokes because they are in series 
with the load and offer a high imped¬ 
ance to the ripple voltage. Smoothing 
effect is obtained from the capacitors 
because they are in parallel with the 
load and store energy on the voltage 
peaks; this energy is released on the 
voltage dips and serves to maintain 
the voltage at the load substantially 
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constant. Smoothing filters are clas¬ 
sified as choke-input or capacitor-input 
according to whether a choke or ca¬ 
pacitor is placed next to the rectifier 
tube. (See Fig. 121.) 


plate and transformer winding and to 
connect high-voltage, rf bypass capaci¬ 
tors between the outside ends of the 
transformer winding and the center 
tap. (See Fig. 122.) The rf chokes should 


CHOKE-INPUT TYPE TILTER CAPACITOR - IN PUT TYPE FILTER CAPACITOR FILTER 



L* FILTER CHOKE C* FILTER CAPACITOR 

Fig. 121—Typical smoothing filters for rectifier tubes. 


The Circuits section gives a num¬ 
ber of examples of rectifier circuits 
with recommended filter constants. 

If an input capacitor is used, con¬ 
sideration must be given to the instan¬ 
taneous peak value of the ac input volt¬ 
age. This peak value is about 1.4 times 
the rms value as measured by an ac 
voltmeter. Filter capacitors, therefore, 
especially the input capacitor, should 
have a rating high enough to withstand 
the instantaneous peak value if break¬ 
down is to be avoided. When the input- 
choke method is used, the available dc 
output voltage will be somewhat lower 
than with the input-capacitor method 
for a given ac plate voltage. However, 
improved regulation together with lower 
peak current will be obtained. 

Mercury-vapor and gas-filled recti¬ 
fier tubes occasionally produce a form 
of local interference in radio receivers 
through direct radiation or through the 
power line. This interference is gen¬ 
erally identified in the receiver as a 
broadly tunable 120-Hz buzz (100 
Hz for 50-Hz supply line, etc.). 
It is usually caused by the formation 
of a steep wave front when plate cur¬ 
rent within the tube begins to flow on 
the positive half of each cycle of the ac 
supply voltage. 

There are several ways of elimi¬ 
nating this type of interference. One is 
to shield the tube. Another is to insert 
an rf choke having an inductance of 
one millihenry or more between each 


be placed within the shielding of the 
tube. The rf bypass capacitors should 
have a voltage rating high enough to 
withstand the peak voltage of each half 
of the secondary, which is approxi¬ 
mately 1.4 times the rms value. 



C=RF BYPASS CAPACITOR,MICA L=RF CHOKE 

Fig. 122—Filter circuit used to eliminate 
interference produced by mercury-vapor or 
gas-filled rectifier tubes. 

Transformers having electrostatic 
shielding between primary and second¬ 
ary are not likely to transmit rf disturb¬ 
ances to the line. Often the interference 
may be eliminated simply by making 
the plate leads of the rectifier extremely 
short. In general, the particular method 
of interference elimination must be se¬ 
lected by experiment for each instal¬ 
lation. 

Output Coupling Devices 

An output-coupling device is used 
in the plate circuit of a power output 
tube to keep the comparatively high dc 
plate current from the winding of an 
electromagnetic speaker and, also, to 
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transfer power efficiently from the out¬ 
put stage to a loudspeaker of either the 
electromagnetic or dynamic type. 

Output-coupling devices are of two 
types, (1) choke-capacitor and (2) trans¬ 
former. The choke-capacitor type in¬ 
cludes an iron-core choke having an 
inductance of not less than 10 henries 
which is placed in series with the plate 
and B-supply. The choke offers a very 
low resistance to the dc plate current 
component of the signal voltage but op¬ 
poses the flow of the fluctuating com¬ 
ponent. A bypass capacitor of 2 to 6 
microfarads supplies a path to the 
speaker winding for the signal voltage. 
The choke-coil output coupling device, 
however, is now only of historical 
interest. 

The transformer type is constructed 
with two separate windings, a primary 
and a secondary wound on an iron core. 
This construction permits designing 
each winding to meet the requirements 
of its position in the circuit. Typical 
arrangements of each type of coupling 
device are shown in Fig. 123. Examples 
of transformers for push-pull stages are 
shown in several of the circuits given 
in the Circuits section. 
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Fig. 123—Typical output-coupling devices. 

High-Fidelity Systems 

The results achieved from any 
high-fidelity amplifier system depend to 
a large degree upon the skill and care 
with which the system is constructed. 
Improper placement of transformers, 
other components, and wiring, and at¬ 
tempts to achieve excessive compact¬ 


ness, can only result in instability, 
oscillation, hum, and other operating 
difficulties, as well as in damage to 
components by overheating. It is im¬ 
portant, therefore, that construction of 
high-fidelity amplifier systems be under¬ 
taken only by persons who have had 
some experience in the layout, mechan¬ 
ical construction, and wiring of audio 
equipment. 

It is impractical to give specific 
construction data for various amplifiers 
and supplementary units because the 
best arrangement for each unit or com¬ 
bination of units will depend on the 
requirements of the user. It is possible, 
however, to list some general consid¬ 
erations which should be observed in 
the construction of any high-fidelity 
amplifier system. 

Any amplifier having two or more 
stages should be constructed with a 
straight-line layout so that maximum 
separation is provided between the 
signal input and output circuits and ter¬ 
minals. Power-supply connections, par¬ 
ticularly those carrying ac, should be 
isolated as far as possible from signal 
connections, especially from the input 
connection. Signal-carrying conductors, 
even when shielded, should not be 
cabled together with power-supply con¬ 
ductors. Internal wiring for ac-operated 
tube heaters, switches, pilot-light sock¬ 
ets, and other devices, should be twisted 
and placed flat against the chassis. All 
connections to the ground side of the 
circuit in each unit should be made to 
a common bus of heavy wire. This bus 
should be connected to the chassis 
only at the point of minimum signal 
voltage, i.e. y at the signal-input terminal 
of the unit. 

All internal wiring that carries sig¬ 
nal voltages should be as short as pos¬ 
sible, and as far as possible above the 
chassis, to minimize losses at the higher 
audio frequencies due to stray shunt 
capacitance. All connections between 
units should be made with shielded 
cable having a capacitance of not more 
than 30 picofarads per foot, such as 
Alpha Type 1249 or 1704, Belden Type 
8401 or 8410, or equivalent cable. 



Electron Tube Installation 

Because power amplifiers and pow¬ 
er-supply units of high-fidelity systems 
normally dissipate large amounts of 
heat, they should be constructed and 
installed in such a manner as to assure 
adequate ventilation for the tubes and 
other components. A beam power tube 
or rectifier tube should be separated 
from any other tube or component on 
the same side of the chassis by at least 
Wi tube diameters. 

Power amplifiers and power-supply 
units which are to be installed horizon¬ 
tally {i.e., with the tubes vertical) in 
cabinets or on shelves should be pro¬ 
vided with mounting feet, perforated 
bottom covers, and a number of small 
holes around each tube socket to permit 
relatively cool air to enter from below 
and provide ventilation for the under 
side of the chassis and tubes. 

If a power amplifier, tone-control 
amplifier, and one or more pream¬ 
plifiers are to be constructed on the 
same chassis, the mechanical layout 
should be planned so that the circuits 
operating at the lowest signal levels 
are farthest from the output stage and 
power supply. Amplifier units which 
normally operate at comparable signal 
levels but are not used simultaneously 
(such as preamplifiers for tape pickup 
heads and magnetic phonograph pick¬ 
ups) may be installed side by side on 
the same chassis without danger of 
interaction. Units which operate si¬ 
multaneously, however (such as the 
channels of a stereophonic system), 
should not be installed side by side 
on the same chassis without careful 
consideration to placement of com¬ 
ponents and wiring, and the possible 
use of shielding to prevent interaction. 

When an amplifier, preamplifier, 
mixer, or other unit requiring heater 
power is located more than five or six 
feet from its power-supply unit, the 
heater-current conductors in the power- 
supply cable must be large enough to 
assure that each tube receives its rated 
heater voltage. In cases where very 
large heater currents or very long 
power-supply cables are involved, it 
may be desirable to install a heater- 
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supply transformer on or near the am¬ 
plifier unit. If such a transformer is 
installed on or near a preamplifier for 
a magnetic-tape pickup head, a mag¬ 
netic phonograph pickup, or a dynamic 
microphone, the transformer should 
be completely shielded and positioned 
to prevent its field from inducing hum 
in the pickup device. 


Considerations for 
Television Picture Tubes 

Like other high-voltage devices, 
television picture tubes require that cer¬ 
tain precautions be observed to mini¬ 
mize the possibility of failure caused 
by humidity, dust, and corona. 

Humidity Considerations. When 
humidity is high, a continuous film of 
moisture may form on the glass bulb 
immediately surrounding the anode cav¬ 
ity cap of all-glass picture tubes or 
on the glass part of the envelope of 
metal picture tubes. This film may per¬ 
mit sparking to take place over the 
glass surface to the external conductive 
coating or to the metal shell. Such 
sparking may introduce noise into the 
receiver. To prevent such a possibility, 
the uncoated bulb surface around the 
cap and the glass part of the envelope 
of metal picture tubes should be kept 
clean and dry. 

Dust Considerations. The accumu¬ 
lation of dust on the uncoated area of 
the bulb around the anode cap of all¬ 
glass picture tubes or on the glass part 
of the envelope or insulating supports 
for metal picture tubes will decrease 
the insulating qualities of these parts. 
The dust usually consists of fibrous 
materials and may contain soluble salts. 
The fibers absorb and retain moisture; 
the soluble salts provide electrical leak¬ 
age paths that increase in conductivity 
as the humidity increases. The resulting 
high leakage currents may overload the 
high-voltage power supply. 

It is recommended, therefore, that 
the uncoated bulb surface of all-glass 
picture tubes and the coated glass sur- 
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face and insulating supports for metal 
picture tubes be kept clean and free 
from dust or other contamination such 
as finger-prints. The frosted Fiberglass 
faceplate of the metal picture tubes 
may be cleaned with a soapless deter¬ 
gent, such as Dreft, then rinsed with 
clean water, and immediately dried. 

Corona Considerations. A high- 
voltage system may be subject to co¬ 
rona, especially when the humidity is 
high, unless suitable precautions are 
taken. Corona, which is an electrical 
discharge appearing on the surface of 
a conductor when the voltage gradient 
exceeds the breakdown value of air, 
causes deterioration of organic insulat¬ 
ing materials through formation of 
ozone, and induces arc-over at points 
and sharp edges. Sharp points or other 
irregularities on any part of the high- 


voltage system may increase the pos¬ 
sibility of corona and should be avoided. 

In the metal-shell picture tubes, 
the metal lip at the maximum diameter 
has rounded edges to prevent corona. 
Adequate spacing between the lip and 
any grounded element in the receiver, 
or between the small end of the metal 
shell and any grounded element, should 
be provided to preclude the possibility 
of corona. Such spacing should not be 
less than 1 inch of air. Similarly, an 
air space of 1 inch, or equivalent, 
should be provided around the body 
of the metal shell. As a further pre¬ 
caution to prevent corona, the deflect- 
ing-yoke surface on the end adjacent 
to the shell should present a smooth 
electrical surface with respect to the 
small end of the metal shell or the 
anode terminal of all-glass tubes. 
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Shock Hazard and 
High Voltage Warning- 
Receiving Tubes 

Most electron tubes present a shock 
hazard in use because of the voltages 
at which they operate. This hazard ap¬ 
plies to all applications and is not re¬ 
stricted to high-voltage circuits. There¬ 
fore, precautions should be taken 
when servicing equipment in which 
electron tubes are used. 

Some electron tubes, such as high- 
voltage rectifiers and those used in the 
high-voltage regulators of television re¬ 
ceivers, operate with very high electrode 
voltages. Extreme care should be taken 
during testing or adjustment of circuits 
in which such tubes are employed. 
Precautions must be exercised during 
the replacement or servicing of these 
tubes in equipment to assure that the 
high voltage output terminal is prop¬ 
erly grounded when the tube is being 
removed from or inserted into its socket 
or when the top cap connector is being 
disconnected or connected. The tube 
and its associated apparatus, especially 
all parts which may be at high-poten¬ 
tial with respect to ground, should be 
housed in a protective enclosure. The 
protective housing should be designed 
with interlocks so that personnel can¬ 
not possibly come in contact with any 
high-potential point in the electrical 
system. 

It should be noted that high volt¬ 
ages may appear at normally low- 
potential points in the circuit as a 
result of capacitor breakdown or in¬ 
correct circuit connections. Therefore, 
before any part of the circuit is 
touched, the power supply switch 
should be turned off and both termi¬ 
nals of any capacitor should be 
grounded. 


X-Radiation Warning- 
Receiving Tubes 

Electron tubes that are operated 
at potentials exceeding several thou¬ 
sand volts may emit X-radiation. The 
X-radiation is generated when elec¬ 
trons (or ions) which are accelerated 
to high velocities impact with high en¬ 
ergy on various parts of the tube’s 
structure. Tube types which specify an 
X-radiation characteristic in their pub¬ 
lished data are designed and controlled 
for this characteristic. 

X-Radiation is measured in accord¬ 
ance with JEDEC Publication No. 67A, 
“Recommended Practice for Meas¬ 
urement of X-Radiation from Receiving 
Tubes”, and controlled in accordance 
with JEDEC Publication No. 73 A, 
“Recommended Practice for Quality 
Control of X-Radiation from High 
Voltage Rectifier and Shunt Regulator 
Receiving Tubes”. These publications 
are available from the Electronic In¬ 
dustries Association, 2001 Eye St., 
N.W., Washington, D.C. 20006. 

Operation of these devices above the 
maximum values indicated in their 
Maximum Ratings may result in either 
temporary or permanent changes in 
the X-radiation characteristic of the 
tube. Equipment design must be such 
that these maximum values are not 
exceeded. 

The high voltages associated with 
these devices result in production of 
X-radiation which may constitute a 
health hazard on prolonged exposure 
at close range unless the tube is ade¬ 
quately shielded. Equipment design 
must provide for this shielding. 

Precautions must be exercised dur¬ 
ing the servicing of equipment employ- 
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ing these devices to assure that the 
high voltage is adjusted to the recom¬ 
mended value and that any shielding 
components are replaced to their in¬ 
tended positions before the equipment 
is operated. 

Shock Hazard Warning- 
Picture Tubes 

The high voltage at which picture 
tubes are operated may be very dan¬ 
gerous. Design of the TV receiver 
should include safeguards to prevent 
the user from coming in contact with 
the high voltage. Extreme care should 
be taken in the servicing or adjust¬ 
ment of any high-voltage circuit. 

Caution must be exercised during 
the replacement or servicing of the 
picture tube since a residual electrical 
charge may be contained on the high 
voltage capacitor formed by the ex¬ 
ternal and internal conductive coat¬ 
ings of the picture tube funnel. To 
remove any undesirable residual high 
voltage charges from the picture tube, 
“bleed off” the charge by shorting the 
anode contact button, located in the 
funnel of the picture tube, to the ex¬ 
ternal conductive coating before han¬ 
dling the tube. Discharging the high 
voltage to isolated metal parts such 
as cabinets and control brackets may 
produce a shock hazard. 

Tube Handling Precaution— 
Picture Tubes 

Picture tubes should be kept in the 
shipping box or similar protective con¬ 
tainer until just prior to installation. 
Wear heavy protective clothing, in¬ 
cluding gloves and safety goggles with 
side shields, in areas containing un¬ 
packed and unprotected tubes to prevent 
possible injury from flying glass in the 
event a tube breaks. Handle the pic¬ 
ture tube with extreme care. Do not 
strike, scratch, or subject the tube to 


more than moderate pressure. On types 
having an integral safety panel, par¬ 
ticular care should be taken to pre¬ 
vent damage to the seal area and the 
edge of the integral safety panel. 


Implosion Protection- 
Picture Tubes 

Picture tubes which employ integral 
implosion protection must be replaced 
with a tube of the same type number 
or an RCA recommended replacement 
to assure continued safety. 


X-Radiation Warning- 
Picture Tubes 

High-voltage electron tubes that 
operate at potentials exceeding several 
thousand volts may emit X-radiation. 
Operation of a television picture tube 
at abnormal conditions may produce 
X-radiation in excess of design limits. 

X-Radiation is measured in accord¬ 
ance with JEDEC Publication No. 
64C, “Recommended Practice for 
Measurement of X-Radiation from 
Direct-View Television Picture Tubes.” 
This publication is available from the 
Electronics Industries Association, 2001 
Eye St., N.W., Washington, D. C. 
20006. 

For radiation safety when servicing 
a television receiver, it is essential to ad¬ 
just the high voltage, using an accurate 
and reliable high-voltage meter, to the 
value specified by the set manufacturer 
following his recommended procedure. 
It is also essential that all external 
shields are properly replaced. In servic¬ 
ing a television receiver that requires 
a replacement picture tube, a tube 
with the same type number or an 
RCA recommended replacement tube 
type should be used to assure the same 
or improved integral X-radiation shield¬ 
ing. 
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Interpretation 
of Tube Data 


T HE tube data given in the follow¬ 
ing Technical Data section include 
ratings, typical operation values, char¬ 
acteristics, and characteristic curves. 

The values for grid-bias voltages, 
other electrode voltages, and electrode 
supply voltages are given with refer¬ 
ence to a specified datum point as fol¬ 
lows: For types having filaments heated 
with dc, the negative filament terminal 
is taken as the datum point to which 
other electrode voltages are referred. 
For types having filaments heated with 
ac, the mid-point (/.<?., the center tap 
on the filament-transformer secondary, 
or the mid-point on a resistor shunting 
the filament) is taken as the datum 
point. For types having unipotential 
cathodes indirectly heated, the cathode 
is taken as the datum point. 

Ratings are established on electron 
tube types to help equipment designers 
utilize the performance and service ca¬ 
pabilities of each tube type to best 
advantage. Ratings are given for those 
characteristics which careful study and 
experience indicate must be kept within 
certain limits to insure satisfactory per¬ 
formance. 

Three rating systems are in use by 
the electron-tube industry. The oldest 
is known as the Absolute Maximum 
system, the next as the Design Center 
system, and the latest and newest as the 
Design Maximum system. Definitions 
of these systems have been formulated 
by the Joint Electron Device Engineer¬ 
ing Council (JEDEC) and standardized 
by the National Electrical Manufactur¬ 
ers Association (NEMA) and the Elec¬ 
tronic Industries Association (ElA) as 
follows: 


Absolute Maximum ratings are 
limiting values which should not be 
exceeded with any tube of the specified 
type under any condition of operation. 
These ratings are not used too often 
for receiving types, but are generally 
used for transmitting and industrial 
types. 

Design Center ratings are limiting 
values which should not be exceeded 
with a tube of the specified type having 
characteristics equal to the published 
values under normal operating condi¬ 
tions. These ratings, which include al¬ 
lowances for normal variations in both 
tube characteristics and operating con¬ 
ditions, were used for most receiving 
tubes prior to 1957. 

Design Maximum ratings are lim¬ 
iting values which should not be ex¬ 
ceeded with a tube of the specified type 
having characteristics equal to the pub¬ 
lished values under any conditions of 
operation. These ratings include allow¬ 
ances for normal variations in tube 
characteristics, but do not provide for 
variations in operating conditions. De¬ 
sign Maximum ratings were adopted 
for receiving tubes in 1957. 

Electrode voltage and current rat¬ 
ings are in general self-explanatory, but 
a brief explanation of other ratings will 
aid in the understanding and interpre¬ 
tation of tube data. 

Heater warm-up time is defined as 
the time required for the voltage across 
the heater to reach 80 per cent of the 
rated value in the circuit shown in Fig. 
124. The heater is placed in series with a 
resistance having a value 3 times the 
nominal heater operating resistance 
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(R = 3 Ef/If), and a voltage having a 
value 4 times the rated heater voltage 
(V = 4 Ef) is then applied. The warm¬ 
up time is determined when E = 0.8 Ef. 



Ef= RATED HEATER VOLTAGE 
I f =RATED HEATER CURRENT 


Fig. 124—Test circuit for measuring heater 
warm-up time. 

Plate dissipation is the power dissi¬ 
pated in the form of heat by the plate 
as a result of electron bombardment 
It is the difference between the power 
supplied to the plate of the tube and the 
power delivered by the tube to the load. 

Peak heater-cathode voltage is the 

highest instantaneous value of voltage 
that a tube can safely stand between its 
heater and cathode. This rating is ap¬ 
plied to tubes having a separate cathode 
terminal and used in applications wh$re 
excessive voltage may be introduced be¬ 
tween heater and cathode. 

Maximum dc output current is the 

highest average plate current which can 
be handled continuously by a rectifier 
tube. Its value for any rectifier tube 
type is based on the permissible plate 
dissipation of that type. Under operat¬ 
ing conditions involving a rapidly re¬ 
peating duty cycle (steady load), the 
average plate current may be measured 
with a dc meter. 

The nomograph shown in Fig. 125 
can be used to determine tube voltage 
drop or plate current for any diode 
unit when values for a single plate- 
voltage, plate-current condition are 
available from the data. It can also be 
used to compare the relative perveance 
(G = Ii,/Eb 3 / 2 ) of several diodes. Perve¬ 
ance can be considered a figure of merit 
for diodes; high-perveance uftits have 


lower voltage drop at a fixed current 
level. 

Tube voltage drop or plate current 
for a specific diode unit can be deter¬ 
mined as follows: First, convenient val¬ 
ues are selected for the plate-voltage 
and plate-current scales of the nomo¬ 
graph. The published plate-current and 
plate-voltage values are then located on 
the scales and connected with a straight 
edge. The intersection of the connect¬ 
ing line with the perveance scale is then 
used as a pivot point to determine the 
value of tube voltage drop correspond¬ 
ing to a desired current value, or the 
value of plate current corresponding to 
a desired tube voltage drop. Because 
the pivot point for a specific diode 
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Fig. 125—Diode perveance nomograph. 

unit represents its perveance, the pivot 
points for several units (plotted to the 
same scales) can be used to compare 
their relative perveance. 
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For example, type 5U4GB has a 
tube voltage drop (per plate) of 44 volts 
at a plate current of 225 milliamperes. 
Convenient scales for this type are from 
1 to 100 volts for plate voltage and 
from 10 to 1000 milliamperes for plate 
current. The points 44 volts and 225 
milliamperes are then connected with a 
straight line to determine the pivot 
point. Using this pivot point, it is easy 
to determine such values as a plate 
current of 150 milliamperes at a tube 
voltage drop of 33 volts, or a voltage 
drop of 25 for a current of 100 mil¬ 
liamperes. 

For readings in the order of one 
volt and/or one milliampere, the nomo¬ 
graph is not accurate because of the 
effects of contact potential and initial 
electron velocity. 

Maximum peak plate current is 

the highest instantaneous plate current 
that a tube can safely carry recurrently 
in the direction of normal current flow. 
The safe value of this peak current in 
hot-cathode types of rectifier tubes is a 
function of the electron emission avail¬ 
able and the duration of the pulsating 
current flow from the rectifier tube in 
each half-cycle. 

The value of peak plate current in 
a given rectifier circuit is largely deter¬ 
mined by filter constants. If a large 
choke is used at the filter input, the 
peak plate current is not much greater 
than the load current; but if a large 
capacitor is used as the filter input, the 
peak current may be many times the 
load current. In order to determine 
accurately the peak plate current in any 
rectifier circuit, measure it with a peak- 
indicating meter or use an oscillograph. 

Maximum peak inverse plate volt¬ 
age is the highest instantaneous plate 
voltage which the tube can withstand 
recurrently in the direction opposite to 
that in which it is designed to pass cur¬ 
rent. For mercury-vapor tubes and gas- 
filled tubes, it is the safe top value to 
prevent arc-back in the tube operating 
within the specified temperature range. 

Referring to Fig. 126, when plate A 
of a full-wave rectifier tube is positive, 
current flows from A to C, but not from 
B to C. because B is negative. At the 


instant plate A is positive, the filament 
is positive (at high voltage) with respect 
to plate B. The voltage between the 
positive filament and the negative plate 
B is in inverse relation to that causing 
current flow. The peak value of this 
voltage is limited by the resistance and 
nature of the path between plate B and 
filament. The maximum value of this 
voltage at which there is no danger of 
breakdown of the tube is known as 
maximum peak inverse voltage. 



Fig. 126—Schematic diagram of full-wave 
rectifier tube and circuit connections. 


The relations between peak inverse 
voltage, rms value of ac input voltage, 
and dc output voltage depend largely 
on the individual characteristics of the 
rectifier circuit and the power supply. 
The presence of line surges or any 
other transient, or wave-form distortion, 
may raise the actual peak voltage to a 
value higher than that calculated for 
sine-wave voltages. Therefore, the actual 
inverse voltage, and not the calculated 
value, should be such as not to exceed 
the rated maximum peak inverse volt¬ 
age for the rectifier tube. A calibrated 
cathode-ray oscillograph or a peak- 
indicating electronic voltmeter is useful 
in determining the actual peak inverse 
voltage. 

In single-phase, full-wave circuits 
with sine-wave input and with no ca¬ 
pacitor across the output, the peak in¬ 
verse voltage on a rectifier tube is ap¬ 
proximately 1.4 times the rms value of 
the plate voltage applied to the tube. 
In single-phase, half-wave circuits with 
sine-wave input and with capacitor in¬ 
put to the filter, the peak inverse volt¬ 
age may be as high as 2.8 times the 
rms value of the applied plate voltage. 
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In polyphase circuits, mathematical de¬ 
termination of peak inverse voltage re¬ 
quires the use of vectors. 

The Rating Chart for full-wave 
rectifiers presents graphically the rela¬ 
tionships between maximum ac voltage 
input and maximum dc output current 
derived from the fundamental ratings 
for conditions of capacitor-input and 
choke-input filters. This graphical pres¬ 
entation provides for considerable lati¬ 
tude in choice of operating conditions. 

The Operation Characteristics for 

a full-wave rectifier with capacitor-input 
filter show by means of boundary line 
the limiting current and voltage rela¬ 
tionships presented in the Rating Chart. 

The Operation Characteristics for 
a full-wave rectifier with choke-input 
filter not only show by means of bound¬ 
ary line the limiting current and volt¬ 
age relationships presented in the Rating 
Chart, but also give some information 
as to the effect on regulation of various 
sizes of chokes. The solid-line curves 
show the dc voltage outputs which 
would be obtained if the filter chokes 
had infinite inductance. The long-dash 
lines radiating from the zero position 
are boundary lines for various sizes of 
chokes as indicated. The intersection of 
one of these lines with a solid-line 
curve indicates the point on the curve 
at which the choke no longer behaves 
as though it had infinite inductance. 
To the left of the choke boundary line, 
the regulation curves depart from the 
solid-line curves as shown by the rep¬ 
resentative short-dash regulation curves. 

Typical Operation Values. Values 
for typical operation are given for many 
types in the Technical Data section. 
These typical operating values are given 
to serve as guiding information for 
the use of each type. These values 
should not be confused with ratings, 
because a tube can be used under any 
suitable conditions within its maxi¬ 
mum ratings, according to the appli¬ 
cation. 

The power output value for any 
operating condition is an approximate 


tube output—that is, plate input minus 
plate loss. Circuit losses must be sub¬ 
tracted from tube output in order to 
determine the useful output. 

Characteristics are covered in the 
Electron Tube Characteristics section 
and such data should be interpreted in 
accordance with the definitions given 
in that section. Characteristic curves 
represent the characteristics of an aver¬ 
age tube. Individual tubes, like any 
manufactured product, may have char¬ 
acteristics that range above or below 
the values given in the characteristic 
curves. 

Although some curves are extended 
well beyond the maximum ratings of the 
tube, this extension has been made only 
for convenience in calculations. Do 
NOT operate a tube outside of its 
maximum ratings. 

Interelectrode capacitances are di¬ 
rect capacitances measured between 
specified elements or groups of elements 
in electron tubes. Unless otherwise indi¬ 
cated in the data, all capacitances are 
measured with filament or heater cold, 
with no direct voltages present, and with 
no external shields. All electrodes other 
than those between which capacitance 
is being measured are grounded. In 
twin or multi-unit types, inactive units 
are also grounded. 

The capacitance between the input 
electrode and all other electrodes, ex¬ 
cept the output electrode, connected 
together is commonly known as the 
input capacitance. The capacitance 
between the output electrode and all 
other electrodes, except the input elec¬ 
trode, connected together is known as 
the output capacitance. 

Hum and noise characteristics of 
high-fidelity audio amplifier tube types 
such as the 7025 and the 7199 are tested 
in an amplifier circuit such as that 
shown in Fig. 127. The output of the 
test circuit is fed into a low-noise am¬ 
plifier. The bandwidth of this amplifier 
depends on the characteristic being 
measured. If hum alone is being tested, 
a relatively narrow bandwidth is used 
to include both the line frequency and 
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the major harmonics generated by the 
tube under test. In noise or combina¬ 
tion hum-and-noise measurements, the 
bandwidth is defined in the registration 
of the tube type. 



Fig. 127—Test circuit for measuring hum 
and noise characteristics of high-fidelity 
audio-amplifier tubes. 

The amplifier gain is calibrated so 
that the vacuum-tube voltmeter meas¬ 
ures hum and noise in microvolts refer¬ 
enced to the grid of the tube under test. 
A pentode can also be evaluated in 
this manner by the addition of a screen- 
grid supply adequately bypassed at the 
tube screen-grid pin connection. Power- 
supply ripple at the plate of the tube 
under test must be negligible compared 
to its hum and noise output. Extraor¬ 
dinary shielding of both the test socket 
and the associated operating circuit is 
required to minimize capacitances be¬ 
tween heater leads and high-impedance 
connections. 


The test-circuit components are de¬ 
termined by the tube type being tested 
and the type of hum to be Controlled. 
Heater-cathode hum can be eliminated 
from the measurement by closing the 
switch S. The circuit can also be made 
more or less sensitive to heater-grid 
hum by increasing or decreasing the 
grid resistance R g . No circuit changes 
affect the component of magnetic hum 
generated by the tube. 

Grid-No. 2 (Screen-grid) Input is 
the power applied to the grid-No. 2 
electrode and consists essentially of the 
power dissipated in the form of heat 
by grid No. 2 as a result of electron 
bombardment. With tetrodes and pent¬ 
odes, the power dissipated in the screen- 
grid circuit is added to the power in 
the plate circuit to obtain the total 
B-supply input power. 

When the screen-grid voltage is 
supplied through a series voltage-drop¬ 
ping resistor, the maximum screen-grid 
voltage rating may be exceeded, pro¬ 
vided the maximum screen-grid dissipa¬ 
tion rating is not exceeded at any 
signal condition, and the maximum 
screen-grid voltage rating is not ex¬ 
ceeded at the maximum-signal condi¬ 
tion. Provided these conditions are 
fulfilled, the screen-grid supply voltage 
may be as high as, but not above, the 
maximum plate voltage rating. The 
rating chart on page 300 shows the re¬ 
lationship between the maximum per¬ 
missible input power to the screen grid 
and the screen-grid supply voltage. 
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T HE electron-tube user—service¬ 

man, experimenter, or non-technical 
radio listener—is interested in know¬ 
ing the condition of his tubes, since 
they govern the performance of the 
device in which they are used. In or¬ 
der to determine the condition of a 
tube, some method of test is necessary. 
Because the operating capabilities and 
design features of a tube are indicated 
and described by its electrical charac¬ 
teristics, a tube is tested by measuring 
its characteristics and comparing them 
with values established as standard for 
that type. Tubes which read abnorm¬ 
ally high with respect to the standard 
for the type are subject to criticism 
just the same as tubes which are too 
low. 

Certain practical limitations are 
placed on the accuracy with which a 
tube test can be correlated with actual 
tube performance. These limitations 
make it impractical for the service man 
and dealer to employ complex and 
costly testing equipment having labora¬ 
tory accuracy. Because the accuracy of 
the tube-testing device need be no 
greater than the accuracy of the correla¬ 
tion between test results and receiver 
performance, and since certain funda¬ 
mental characteristics are virtually fixed 
by the manufacturing technique of lead¬ 
ing tube manufacturers, it is possible to 
employ a relatively simple test in order 
to determine the serviceability of a tube. 

In view of these factors, dealers 
and servicemen will find it econom¬ 
ically expedient to obtain adequate 
accuracy and simplicity of operation by 
employing a device which indicates the 
status of a single characteristic. Whether 
the tube is satisfactory or unsatisfactory 
is judged from the test result of this 
single characteristic. Consequently, it is 
very desirable that the characteristic se¬ 
lected for the test be one which is truly 
representative of the tube’s over-all con 
dition. 

The following information and cir¬ 


cuits are given to describe and illustrate 
general theoretical and practical tube- 
tester considerations and not to provide 
information on the construction of a 
home-made tube tester. In addition to 
the problem of determining what tube 
characteristic is most representative of 
performance capabilities in all types of 
receivers, the designer of a home-made 
tester faces the difficult problem of de¬ 
termining satisfactory limits for his par¬ 
ticular tester. Getting information of 
this nature, if it is to be accurate and 
useful, is a big job. It requires the test¬ 
ing of many tubes of each type, testing 
of many types, and correlation of the 
data with performance in many kinds 
of equipment. 

Short-Circuit Test 

The fundamental circuit of a short- 
circuit tester is shown in Fig. 128. Al¬ 
though this circuit is suitable for tet- 



Fig. 128—Fundamental circuit of a short 
circuit tester. 

rodes and types having less than four 
electrodes, tubes of more electrodes may 
be tested by adding more indicator 
lamps to the circuit. Voltages are ap¬ 
plied between the various electrodes 
with lamps in series with the electrode 
leads. The value of the voltages applied 
will depend on the type of tube being 
tested and its maximum ratings. Any 
two shorted electrodes complete a cir¬ 
cuit and light one or more lamps. Since 
two electrodes may be just touching to 
give a high-resistance short, it is de- 
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sirable that the indicating lamps operate 
on very low current. It is also desirable 
to maintain the filament or heater of the 
tube at its operating temperature during 
the short-circuit test, because short- 
circuits in a tube may sometimes occur 
only when the electrodes are heated. 
However, a short-circuit tester having 
too high a sensitivity may indicate very- 
high-resistance shorts that do not ad¬ 
versely affect tube operation. 


Selection of a Suitable 
Characteristic for Test 

Some characteristics of a tube are 
far more important in determining its 
operating worth than are others. The 
cost of building a device to measure 
any one of the more important charac¬ 
teristics may be considerably higher 
than that of a device which measures a 
less representative characteristic. Conse¬ 
quently, three methods of test will be 
discussed, ranging from relatively sim¬ 
ple and inexpensive equipment to more 
elaborate, more accurate, and more 
costly devices. 

An emission test is perhaps the 
simplest method of indicating a tube’s 
condition. (Refer to Diodes, in Elec¬ 
trons, Electrodes, and Electron Tubes 
section, for a discussion of elec¬ 
tron emission.) Since emission falls 
off as the tube wears out, low emis¬ 
sion is indicative of the end of tube 
serviceability. However, the emission 
test is subject to limitations because 
it tests the tube under static conditions 
and does not take into account the ac¬ 
tual operation of the tube. On the one 
hand, coated filaments, or cathodes, 
often develop active spots from which 
the emission is so great that the rela¬ 
tively small grid area adjacent to these 
spots cannot control the electron stream. 
Under these conditions, the total emis¬ 
sion may indicate the tube to be normal 
although the tube is unsatisfactory. On 
the other hand, coated types of fila¬ 
ments are capable of such large emis¬ 
sion that the tube will often operate 
satisfactorily after the emission has 
fallen far below the original value. 

Fig. 129 shows the fundamental 


circuit diagram for an emission test. All 
of the electrodes of the tube, except the 
cathode, are connected to the plate. The 
filament, or heater, is operated at rated 
voltage; after the tube has reached con- 



Fig. 129—Fundamental circuit of an 
emission tester 

stant temperature, a low positive volt¬ 
age is applied to the plate and the 
electron emission is read on the meter. 
Readings which are well below the 
average for a particular tube type in¬ 
dicate that the total number of available 
electrons has been so reduced that the 
tube is no longer able to function 
properly. 

A transconductance test takes into 
account a fundamental operating prin¬ 
ciple of the tube. (This fact will be seen 
from the definition of transconductance 
in the Section on Electron Tube Char¬ 
acteristics.) It follows that transcon¬ 
ductance tests, when properly made, 
permit better correlation between test 
results and actual performance than 
does a straight emission test. 

There are two forms of transcon¬ 
ductance test which can be utilized in a 
tube tester. In the first form (illustrated 
by Fig. 130 giving a fundamental circuit 
with a tetrode under test), appropriate 



Fig. 130—Fundamental circuit of a trans¬ 
conductance tester using the “grid-shift” 
method. 
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operating voltages are applied to the 
electrodes of the tube. A plate current 
depending upon the electrode voltages 
will then be indicated by the meter. If 
the bias on the grid is then shifted by 
the application of a different grid volt¬ 
age, a new plate-current reading is ob¬ 
tained. The difference between the two 
plate-current readings is indicative of 
the transconductance of the tube. This 
method of transconductance testing is 
commonly called the “grid-shift” meth¬ 
od, and depends on readings under static 
conditions. The fact that this form of 
test is made under static conditions im¬ 
poses limitations not encountered in the 
second form of test made under dy¬ 
namic conditions. 

The dynamic transconductance test 
illustrated in Fig. 131 gives a funda¬ 
mental circuit with a tetrode under test. 
This method is superior to the static 
transconductance test in that ac voltage 



Fig. 131—Fundamental circuit of a 
dynamic transconductance tester. 

is applied to the grid. Thus, the tube is 
tested under conditions which approxi¬ 
mate actual operating conditions. The 
alternating component of the plate cur¬ 
rent is read by means of an ac ammeter 
of the dynamometer type. The trans¬ 
conductance of the tube is equal to the 
ac plate current divided by the input- 
signal voltage. If a one-volt rms signal 
is applied to the grid, the plate-current- 
meter reading in milliamperes multiplied 
by one thousand is the value of trans¬ 
conductance in micromhos. 

The power-output test probably 
gives the best correlation between test 
results and actual operating perform¬ 
ance of a tube. In the case of voltage 
amplifiers, the power output is indica¬ 
tive of the amplification and output 


voltages obtainable from the tube. In 
the case of power-output tubes, the per¬ 
formance of the tube is closely checked. 
Consequently, although more compli¬ 
cated to set up, the power-output test 
will give closer correlation with actual 
performance than any other single tesj. 

Fig. 132 shows the fundamental 
circuit of a power-output test for class 
A operation of tubes. The diagram illus¬ 
trates the method for a pentode. The ac 
output voltage developed across the 



Fig. 132—Fundamental circuit of a power- 
output tester for class A operation of tubes. 

plate-load impedance (L) is indicated by 
the current meter. The current meter is 
isolated as far as the dc plate current is 
concerned by the capacitor (C). The 
power output can be calculated from 
the current reading and known load 
resistance. In this way, it is possible to 
determine the operating condition of the 
tube quite accurately. 

Fig. 133 shows the fundamental 
circuit of a power-output test for class 



Fig. 133—Fundamental circuit of a power- 
output tester for class B operation of tubes. 

B operation of tubes. With ac voltage 
applied to the grid of the tube, the 
current in the plate circuit is read on 
a dc milliammeter. The power output 
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of the tube is approximately equal to: 

(Ii> 2 X Rl)/0.405, 

where P„ is the power output in watts, 
li, is the dc current in amperes, and Rl 
is the load resistance in ohms. 

Essential Tube-Tester 
Requirements 

1. The tester should provide for 
making a short-circuit test before meas¬ 
urement of the tube’s characteristics. 

2. It is important that some means 
of controlling the voltages applied to the 
electrodes of the tube be provided. If 
the tester is ac operated, a line-voltage 
control permits the supply of proper 
electrode voltages. 

3. It is essential that the rated volt¬ 
age applied to the filament or heater be 
maintained accurately. 

4. It is suggested that the char¬ 
acteristics test follow one of the meth¬ 
ods described. The method selected and 
the quality of the parts used in the test 
will depend upon the user’s require¬ 
ments. 

Tube-Tester Limitations 

A tube tester can only indicate the 
difference between a tube characteris¬ 
tic and those which are standard for 
that type. Because the operating condi¬ 
tions imposed upon a tube may vary 
within wide limits, it is impossible for 
a tube tester to evaluate tubes for all 
applications. 

Commercially available tube check¬ 
ers vary widely in purpose, perform¬ 
ance, and significance of results. They 
range from relatively inexpensive port¬ 
able units to costly laboratory-quality 
instruments. Design trade-offs are made 
by tube checker manufacturers to pro¬ 
vide a product simple to operate, 
capable of testing a wide variety of 
tube types, and in some cases, low in 
cost. Accuracy of readings, complete¬ 
ness of testing, and even proper testing 
conditions for certain tube types are 
sometimes sacrified in these trade-offs. 
Recognition of the individual tester 
limitations are absolutely necessary be¬ 
fore valid judgments on tube quality 
can be made from test results. 

Tube checkers generally make two 
types of evaluations: tests for inter¬ 


element shorts (leakage) and an elec¬ 
trical test of quality that is either an 
ac cathode-emission test or a more 
complex large-signal transconductance 
test. 

The shorts or leakage tests are 
often more sensitive than those of the 
tube manufacturer and also, in some 
cases more stringent than circuit appli¬ 
cation requirements. Leakage sensitiv¬ 
ity of 100 megohms between elements 
is available in some tube checkers. 
Some can be adjusted by the user to 
even higher sensitivities. Many tube 
checkers tie several elements together 
to test many parallel paths in a single 
test position. As a result, multiple paths 
having individual inter-element leakage 
resistances which are acceptable re¬ 
sult in parallel combinations which 
cause the tube to read as defective. 

Quality-test interpretations must be 
tempered by knowledge of the character 
of the quality test. Large-signal trans¬ 
conductance (gm) often does not corre¬ 
late with small-signal transconductance, 
or the control limits for applications 
that require this characteristic. Cathode 
emission, as read on many tube check¬ 
ers, is a function of both the emitting 
capability of the cathode and the me¬ 
chanical spacing of the tube’s internal 
parts. While high cathode emitting 
capability is generally desirable for all 
tubes, a high emission reading obtained 
by close mechanical spacing of parts 
can result in a false indication of good 
quality. In addition, high or low indi¬ 
cations in a tube checker are often 
caused by compromise test conditions 
rather than the quality of the tube be¬ 
ing tested. 

The set-up instruction and charts 
furnished by the tester manufacturer 
establish the conditions and limits 
which the tester manufacturer consid¬ 
ers adequate for the tube types evalu¬ 
ated. These conditions and limits are 
usually established independently of 
the tube manufacturer and without con¬ 
sideration of application requirements. 

The tube tester cannot be looked 
upon as a final authority in determin¬ 
ing whether or not a tube is satisfac¬ 
tory. An actual operating test in the 
application will give the best possible 
indication of a tube’s worth. 
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In the Application Guide on the 
following pages, RCA receiving tubes 
are classified in two ways: (a) by func¬ 
tion, and (b) by structure (diode, triode, 
etc.). The functional classification covers 
27 principal types of application, as 
listed below. 

Tube types are grouped by struc¬ 
ture under each classification; they are 
also keyed to indicate miniature, octal, 
nuvistor, duodecar, and novar types. 

Triodes are designated as low-, 
medium-, or high-mu types on the fol¬ 
lowing basis: low, less than 10; medium, 
10 or more, but less than 50; high, 50 


or more. Where applicable, tubes are 
designated as sharp-, semiremote-, or 
remote-cutoff on the basis of the ratio, 
in per cent, of the negative control-grid 
voltage to the screen-grid voltage (or, 
for triodes, the plate voltage) for cut¬ 
off, as given in the characteristics or 
typical operation values. These terms 
are defined as follows: sharp, less than 
10 per cent; semiremote, 10 or more, 
but less than 20 per cent, remote, 20 
per cent or more. 

For more complete data on these 
types, refer to the Technical Data For 
RCA Receiving Tubes. 


APPLICATIONS 


1. Audio-Frequency 
Amplifiers 

2. Automatic Gain Control 
Circuits (AGC and A VC) 

3. Blankers 

4. Burst Amplifiers 

5. Chroma Amplifiers 

6. Color Killers 

7. Color Matrixing Circuits 

8. Dampers 

9. Demodulators (Color TV) 

10. Detectors (AM) 

11. Discriminators (Detectors) 

12. Horizontal-Deflection 

13. Intermediate-Frequency Amplifiers 

14. Limiters 


15. Pentagrid Converters 

16. Mixer-Oscillators—RF 

17. Multivibrators 

18. Oscillators 

19. Phase Splitters 

20. Radio-Frequency 
Amplifiers 

21. Reactance Circuits 

22. Rectifiers (Vacuum) 

23. Regulators (High Voltage) 

24. Sync Separators and Amplifiers 

25. Tuning Indicators 

26. Vertical-Deflection 
Circuits (Oscillator and 
Amplifier) 

27. Video Amplifiers 


1. AUDIO-FREQUENCY 
AMPLIFIERS 


Voltage Amplifiers 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 7199f 

Medium-Mu Twin Triode 
© 6SN7GTB © 12SN7GTA 

• 12AU7A/ECC82 


Twin Diode—High-Mu Triode 

• 4AV6 • 6BN8 • 12AV6 

• 6AT6 • 8BN8 • 14GT8 

• 6AV6 • 12AT6 

Triple Diode—High-Mu Triode 

• 5T8 • 6T8A • 19T8 


© Octal f For high-fidelity equipment 


• Miniature 
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High-Mu Twin Triode 
• 6EU7f • 12AX7A/ © 12SL7GT 

o 6SL7GT ECC83f • 7025f 


Sharp-Cutoff Pentode 

• 6AU6A • 58791* 

• 6HS6 • 7543f 


Power Amplifiers 


Beam Power Tube 

• 5AQ5 0 6Y6GA/6Y6G • 25C5 

• 6AQ5A • 11DS5 • 35 C5 

• 6AS5 • 12AB5 • 50C5 

• 6CU5 • 12AQ5 o 50L6GT 

• 6DS5 • 12CA5 • 6973f 

• 6GC5 • 12CU5/12C5 • 7Q27Af 

© 6L6 © 12V6GT 0 7355f 

0 6L6GCf o 12W6GT © 7408f 

0 6V6GTA • 17CU5/17C5 © 7581Af 

© 6W6GT 


Beam Power Tube—Sharp-Cutoff Pentode 
$ 6AD 10 $ 6T10* $ 12BF11* 

$ 6AL11 $ 12AL11 $ 17BF11* 

$ 6BF11* 


Power Pentode 


• 6BQ5/EL34 • 10BQ5 

• 35EH5 

• 6EH5 • 10GK6 

o 50EH5 

© 6F6 • 12FX5 

• 60FX5 

• 6GK6 • 16GK6 

• 71891* 

© 6K6GT • 19FX5 

A 78681* 

• 8BQ5 . 25EH5 

© 7591A 

2. AUTOMATIC GAIN CONTROL 

CIRCUITS (AGC & A VC) 

Twin Diode—High-Mu Triode 


• 4AV6 • 6AV6 

• 12AV6 

• 6AT6 • 12AT6 


Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5AN8 • 6AZ8 

• 6GH8A 

• 5GH8A • 6BA8A 

• 9GH8A 

• 6AN8A 


High-Mu Triode—Sharp-Cutoff 

Pentode 

• 6AW8A • 6LC8 

• 8KA8 

• 6HF8 . 8AW8A 

• 8LC8 

• 6JV8 • 8JV8 

• 10HF8 

• 6KA8 


Sharp-Cutoff Twin Pentode 


• 3BU8/ • 4HS8 

• 6HS8 

3GS8 • 6BU8 


Sharp-Cutoff Pentode* 


• 6GY6/6GX6 


Pentagrid Amplifier 


• 3BY6 • 4CS6 

• 6CS6 

• 3CS6 • 6BY6 



3. BLANKERS 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6MQ8 • 9GH8A 

• 6GH8A 

Medium-Mu Twin Triode 

• 6FQ7/6CG7 • 8FQ7/8CG7 • 12BH7A 

• 6GU7 • 8GU7 • 12FQ7 

Medium-Mu Triode—Semiremote-Cutoff 
Pentode 

• 6LM8 

High-Mu Triode—Sharp-Cutoff Pentode 

• 6KT8 

4. BURST AMPLIFIERS 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5EA8 • 6EA8 • 9GH8A 

• 5GH8A • 6GH8A • 19EA8 

Medium-Mu Triode—Seiniremote-Cutoff 
Pentode 

• 6LM8 • 6MU8 

Twin Diode—High-Mu Triode 

• 6BN8 • 8BN8 

Sharp-Cutoff Pentode 

• 3CB6/3CF6 • 4EW6 • 6CB6A/6CF6 

• 3JC6A • 4JC6A • 6EW6 

• 4CB6 • 5EW6 • 6JC6A 

5. CHROMA AMPLIFIERS 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6HL8 • 9GH8A 

• 6GH8A • 6MQ8 

High-Mu Triode—Sharp-Cutoff Pentode 

• 6AW8A • 6LF8 

• 6KT8 • 8AW8A 

Medium-Mu Twin Triode 

• 6FQ7/6CQ7 • 8FQ7/8CG7 • 12BH7A 

• 6GU7 • 8GU7 • 12FQ7 

6. COLOR KILLERS 

Quadruple Diode 

• 6JU8A • 8JU8A 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6MQ8 • 9GH8A 

• 6GH8A 

High-Mu Triode—Sharp-Cutoff Pentode 

• 6KT8 


• Miniature $ Duodecar o Octal A Novar * Dual-control grids f For high-fidelity 


equipment 
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7. COLOR MATRIXING 

Medium-Mu Twin Triode 


• 6FQ7/6CG7 

• 6GU7 

• 8FQ7/8CG7 


• 8GU7 

• 12AZ7 

• 12BH7A 


CIRCUITS 
• 12FQ7 


Medium-Mu Triode—-Sharp Cutoff Pentode 

• 5GH8A • 6GH8A • 9GH8A 

Medium-Mu Triple Triode 
A 6MD8 4 6MJ8 A 12MD8 

High-Mu Triple Triode 
% 6MN8 

Twin Pentode 

• 6LE8 • 10LE8 • 15LE8 

Quadruple Diode 

• 6JU8A • 8JU8A 


Sharp-Cutoff Pentode 

• 3CB6/3CF6 • 6CB6A/6CF6 

• 4CB6 


8. DAMPERS 

Half-Wave (Diode) 


o 6AU4GTA 
o 6AX4GTB 
A 6BA3 
4 6BE3 
a 6BS3A 
4 6CE3/6CD3/ 
6DT3 

4 6CG3/6BW3/ 
6DQ3 
A 6CJ3/ 

6CH3 
A 6CL3/ 

6CK3 
A 6CM3 
0 6DE4/ 

6CQ4 

A6DL3 


0 6DM4A/ 
6DA4 
A6DN3 
^ 6DW4B 

• 12AF3/ 

12BR3/ 
12RK19 
© 12AX4GTB 
^ 12AY3A 
4 12BE3 
A 12BS3A/ 
12DW4A 

* 12CL3 
A 12CM3 
A 12DL3 

0 17AX4GTA 
^ 17AY3A 


4 17BE3/ 
17BZ3 

• 17BR3/ 

17RK19 
A 17BS3A/ 
17DW4A 
4 17BW3 

• 17CT3 
© 17DE4 

o 17DM4A 
A 19DK3 
4 22BW3 
© 22DE4 

• 25CT3 
A 25DL3 
4 34CE3 


Pentagrid Amplifier 
• 6BY6 


Twin Pentode 

• 4MK8A • 6MK8A •ISLES 

• 6LE8 • 10LE8 

Beam Deflection Tube 

• 6JH8 • 6ME8 

10. DETECTORS (AM) 

l>iode—Sharp-Cutoff Pentode 


• 5AM8 

• 6AM8A 

• 6AS8 

Twin Diode 



• 3AL5 

• 6AL5 

• 12AL5 

Twin Diode— 

-High-Mu Triode 


• 4AV6 

• 6BN8 

• 12AT6 

• 6AT6 

• 6CN7 

• 12AV6 

• 6\\6 

• 8BN8 

• 14GT8 

Triple Diode- 

-High-Mu Triode 


• 5T8 

• 6T8A 

• 19T8 

Quadruple Diode 


• 6JU8A 

• 8JU8A 



11. DISCRIMINATORS 
(DETECTORS) 

FM 

Twin Diode 

• 3AL5 • 6AL5 • 12AL5 

Twin Diode—High-Mu Triode 

• 6BN8 

Triple Diode—Higli-Mu Triode 

• 5T8 • 6T8A • 19T8 


Half-Wave (Diode)—Horizontal-Deflection 
Amplifier 

4 33GY7A 4 38HK7 4 53HK7 

4 38HE7 4 50GY7A 


Beam Tube 

• 3BN6 

• 4BN6 

• 6BN6/ 



6KS6 


9. DEMODULATORS (COLOR TV) 

Medium-Mu Twin Triode 

• 12BH7A • 12AZ7A 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6MQ8 • 9GH8A 

• 6GH8A 

High-Mu Twin Triode 

• 12AZ7A 


Beam Power Tube—Sharp-Cutoff Pentode 


4 6AD10 
4 6ALII 
4 6BF11 


4 6T10 4 12BF11 

4 6Z10/6J10 4 13Z10/13J10 

4 12AL11 4 17BF11 


FM Quadrature-Grid 

Sharp-Cutoff Pentode* 

• 3DT6A • 5HZ6 • 6GY6/6GX6 

• 4DT6A • 6DT6A • 6HZ6 


Sharp-Cutoff Pentode* 

• 5HZ6 • 6GY6/6GX6 4 12BV11 

4 6BV11 • 6HZ6 


Beam Tube 



• 3BN6 

• 4BN6 

• 6BN6/ 

tcirctc 


6KS6 


• Miniature 


© Octal a Nuvistor A Novar 4 Diiodecar 


Dual control grids 
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Horizontal AFC 

Twin Diode—High-Mu Triode 

• 6BN8 • 8BN8 • 8CN7 

• 6CN7 

Twin Diode—Medium-Mu Twin Triode 
*6B10 $ 8B10 

Twin Diode—Sharp Cutoff Pentode 

• 6LT8 • 8LT8 • 11LT8 


12. HORIZONTAL-DEFLECTION 

Oscillators 

Medium-Mu Triode—Sharp-Cutoff Pentode 
• 5GH8A • 6GH8A • 9GH8A 

Twin Diode—Medium-Mu Twin Triode 
$6B10 $ 8B10 

Three Unit Triode 
$ 6U10 


Medium-Mu Twin Triode 

• 6FQ7/6CG7 • 12AU7A/ • 12FQ7 

o 6SN7GTB ECC82 o 12SN7GTA 

• 8FQ7/8CG7 • 12BH7A 


Horizontal-Deflection Amplifiers 

Beam Power Tube 


© 6AU5GT 
© 6AV5GA 
© 6BQ6GTB/ 
6CU6 
o 6CB5A 
0 6CD6GA 
o 6DQ5 
A 6GJ5A 
A 6GT5A 
o 6GW6/ 
6DQ6B 
A 6JB6A 
A 6JF6 
A 6JG6A 

* 6JM6A 
A 6JR6 

$ 6JS6C 

* 6JT6A 
A 6JU6 
A 6KM6 


$ 6KN6 
$ 6LB6 
$ 6LR6 
A6ME6 
A 6MJ6/ 

6LQ6/ 
6JE6C 
o 12AV5GA 
o 12BQ6GTB/ 
12CU6 
A 12JB6A 
A 12JT6A 
A 17GJ5A 
A 17GT5A 
O 17GW6/ 
17DQ6B 
A 17JB6A 
A 17JG6A 
* 17JM6A 
A 17JT6A 


A 22JF6 
A 22JG6A 
A 22JR6 
A 22KM6 
A 24LQ6/ 
24JE6C 
0 25AV5GA 
o 25BQ6GTB/ 
25CU6 
0 25CD6GB 
o 25DN6 
$ 31JS6C 
A 31LQ6 
a 31LZ6 
t 35LR6 
$ 36KD6/ 
40KD6 
A 36MC6 
$ 38HK7 
$ 42KN6 


Higli-Mu Triode—Sharp-Cutoff Pentode 


• 6AW8A 

• 6EB8 

• 6GN8 

• 6HF8 

• 6JV8 

• 6KT8 


• 6KV8 

• 6MV8 

• 8AW8A 

• 8GN8/ 

8EB8 

• 8JV8 


• 10GN8 

• 10HF8 

• 10JA8/ 

10LZ8 

• 11KV8 


Sharp-Cutoff Pentode 


• 3AU6 

• 3BC5/ 

3CE5 

• 3CB6/ 

3CF6 

• 3DK6 

• 3JC6A 

• 3JD6 

• 4AU6 

• 4CB6 


♦ 4DE6 

• 4DK6 


• 4EW6 

• 4JC6A 

• 4JD6 

• 5EW6 

• 6AG5 

• 6AK5/ 

EF95 
•6AU6A 

• 6BC5/ 

6CE5 

• 6CB6A/ 

6CF6 


• 6DC6 

• 6DE6 

• 6DK6 

• 6EJ7/ 

EF184 

• 6EW6 

• 6HS6 

• 6JC6A 

• 6JD6 

• 12AU6 

• 12DK6 


Diode—Sharp-Cutoff Pentode 
• 5AM8 • 6AM8A • 6AS8 


Semiremote-Cutoff Pentode 


• 3BZ6 

• 4JH6 

• 6GM6 

• 3EH7/ 

• 4KT6 

• 6HR6 

XF183 

• 5GM6 

• 6JH6 

• 3KT6 

• 6BZ6 

• 6KT6 

• 4BZ6 

• 6EH7/ 

• 12BZ6 

• 4EH7/ 

EF183 

• 19HR6 

LF183 



Remote-Cutoff 

Pentode 



• 6BA6/ • 12BA6 

EF93 


14. LIMITERS 


3AU6 

• 4JD6 

• 6DE6 

3BC5/3CE5 

• 5EW6 

• 6DK6 

3CB6/3CF6 

• 6AG5 

• 6EJ7/ 

3DK6 

• 6AK5/ 

EF18 

3JC6A 

EF95 

• 6EW6 

4AU6 

• 6AU6A 

• 6HS6 

4CB6 

• 6BC5/ 

• 6JC6A 

4DE6 

6CE5 

• 6JD6 

4DK6 

• 6CB6A/ 

• 12AU6 

4EW6 

6CF6 

• 12DK6 

4JC6A 

• 6DC6 



15. PENTAGRID CONVERTERS 


13. INTERMEDIATE-FREQUENCY 
AMPLIFIERS 


• 6BA7 • 6BE6 • 12BE6 


Medium-Mu Triode—Sharp-Cutoff Pentode 


• 5AN8 

• 5GH8A 

• 6AN8A 

• 6AU8A 


• 6AZ8 

• 6BA8A 

• 6HL8 

• 6GH8A 


• 6MQ8 

• 8AU8A 

• 9GH8A 


16. MIXER-OSCILLATORS—RF 

Medium-Mu Triode—Sharp-Cutoff Tetrode 
• 5CL8A • 6CL8A • 19JN8/ 

• 6CQ8 19CL8A 


• Miniature 


® Octal 


A Novar 


t Duodecar 


:i! Dual-control grids 
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Medium-Mu Triode—Sharp-Cutoff Pentode 


High-Mu Triode—Sharp-Cutoff 


• 4KE8 

• 5AT8 

• 5B8 

• 5BR8/ 

5FY8 

•5CG8 

• 5EA8 

• 5FG7 

• 5KE8 


• 5U8 

• 5X8 

•6AT8A 

• 6BR8A/ 

6FV8A 

• 6EA8 

• 6FG7 

• 6HB7 

• 6KE8 


• 6KZ8 

• 6U8A/ 

6KD8 

• 6X8A 

• 9KZ8 

• 9U8A 

• 19EA8 

• 19X8 


• 12DT8 


• 6AW8A 

• 6EB8 
•6GN8 

• 6HF8 


• 8AW8A 

• 8GN8/ 

8EB8 


Pentode 

• 10GN8 

• 10HF8 

• 10JA8/ 

10LZ8 


High-Mu Twin Triode 
• 6DT8 • 12AT7/ 

ECC81 


High-Mu Twin Triode 
o 6SL7GT • 12AX7A/ © 12SL7GT 

ECC83 • 7025 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5EA8 . 6GH8A . 7199t 

• 5GH8A • 9GH8A . 19EA8 

• DM# 


17. MULTIVIBRATORS 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6GH8A • 9GH8A 

Medium-Mu Twin Triode 

• 5J6 • 8FQ7/8CG7 • 12BH7A 

6FQ7/6CG7 • 8GU7 © 12SN7- 

• 6GU7 • 9AU7 GTA 

• 6J6A • 12AU7A/ . 12FQ7 

o 6SN7GTB ECC82 . 19J6 

• 7AU7 

High-Mu Twin Triode 

• 12AX7A/ ECC83 

18. OSCILLATORS 

Radio Frequency—UHF 

Medium-Mu Triode 

• 2AF4B/ • 3AF4A/ a 6DV4 

2DZ4 3DZ4 • 6DZ4 

a 2DV4 • 6AF4A/ 

6DZ4 

Radio Frequency — VHF 

Medium-Mu Twin Triode 

• 5J6 • 6J6A • 19J6 

High-Mu Triode 

• 6AB4 


20. RADIO-FREQUENCY 
AMPLIFIERS 


Medium-Mu Triode 

• 2BN4A • 6BC4 • 6BN4A 

• 3BN4A 


Medium-Mu Triode—Sharp-Cutoff Tetrode 
• 6CQ8 


Medium-Mu Twin Triode 

• 4BC8 • 5BQ7A 

• 4BQ7A/ • 6BC8/ 

4BZ7 6BZ8 

• 5BK7A . 6BK7B 


• 6BQ7A/ 
6BZ7/ 
6BS8 


High-Mu Triode 
a 2CW4 • 3FH5 

a 2DS4 • 3GK5 

a 2EG4 • 3HM5/3HA5 

• 2FH5 • 3HQ5 

• 2GK5/ • 4GK5 

2FQ5A • 4HM5/ 

• 2HM5/ 4HA5 

2HA5 • 4HQ5 

• 2HQ5 • 6AB4 

• 3ER5 a 6CW4 


a 6DS4 

• 6ER5 

• 6FH5 

• 6GK5/ 

6FQ5A 

• 6HM5/6HA5 

• 6HQ5 
a 13CW4 


High-Mu Twin Triode 
• 6DT8 • 12DT8 


Power Triode 
• 6C4 (Class C) 


Power Triode 
• 6C4 (Class C) 


3.58-MHz (Color TV) 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6GH8A • 9GH8A 

High-Mu Triode—Sharp-Cutoff Pentode 
•6KT8 

19. PHASE SPLITTERS 

Medium-Mu Twin Triode 

• 6FQ7/6CG7 • 8FQ7/8CG7 • 12BH7A 

• 6GU7 • 8GU7 • 12FQ7 

© 6SN7GTB . 9AU7 © 12SN7- 

• 7AU7 • 12AU7A/ GTA 

ECC82 


Sharp-Cutoff Tetrode 
• 2CY5 • 3CY5 • 6CY5 


Sharp-Cutoff Pentode 

• 3AU6 • 6AG5 • 6CB6A/ 

• 3CB6/ • 6AK5/ 6CF6 

• 3BC5/3CE5 EF95 • 6DC6 

3CF6 • 6AU6A • 6DE6 

• 4AU6 • 6BC5/ • 12AU6 

• 4CB6 6CE5 

© 4DE6 • 6BH6 


Remote-Cutoff Pentode 
• 6BA6/ • 6BJ6 • 12BA6 

EF93 


Miniature © Octal 


Nuvlstor $ Duodecar f for high-fidelity equipment 
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21. REACTANCE CIRCUITS 

Medium-Mu Triode—Sliarp-CutofT Pentode 

• 5AN8 • 6AZ8 • 6GH8A 

• 5GH8A • 6BA8A • 9GH8A 

• 6AN8A 

Twin Diodes—High-Mu Triode 

• 6CN7 • 8CN7 

Higli-Mu Triode—Sharp-Cutoff Pentode 

• 6AW8A • 8AW8A 


22. RECTIFIERS (VACUUM) 

Power-Supply Types 

Half-Wave (Diode) 

• 35W4 o 35Z5GT 


Full-Wave (Twin Diode) 

0 3DG4 o 5V4GA 

© 5AS4A © 5Y3GT 

* 5BC3A • 6CA4 

o 5U4GB 


• 6X4 

0 6X5G1 

• 12X4 


High-Voltage Types 


Half-Wave (Diode) 

$ 2BU2/ 


• 1AY2A 

© IG3GTA/ 
1B3GT 
0 1K3A/ 
1J3 

• 1V2 

• 1X2C 
$ 2AS2A 

• 2AY2 


2AH2 
• 3A2 
© 3A3C 
$ 3AT2B 
$ 3AW2A 
$ 3BN2A 
$ 3BW2/ 
3BS2A/ 
3BT2 


0 3CN3B 
o 3CU3A 
0 3CZ3A 
0 3DA3/ 
3DH3 
0 3DB3/ 
3CY3 
© 3DC3 
0 3DJ3 


23. REGULATORS 
(HIGH VOLTAGE) 


Beam Triode-Shunt Type 
0 6BK4C/ 0 6LJ6A/ © 6MA6 

6EL4A 6LH6A 

© 6EN4 


Beam Power Tube—Pulse Type 
1 6HS5 A 17KV6A * 22KV6A 

A 6KY6A 


24. SYNC SEPARATORS 
AND AMPLIFIERS 

High-Mu Twin Triode 

• 12BZ7 

Medium-Mu Triode—Sharp-Cutoff Tetrode 

• 6CQ8 


Sliarp-Cutoff Twin Pentode 
• 3BU8/ • 4HS8 • 6HS8 

3GS8 • 6BU8 


Pentagrid Amplifier 


• 3BY6 

• 4CS6 

• 6CS6 

• 3CS6 

• 6BY6 


High-Mu Triode—Sharp-Cutoff Pentode 

• 6KT8 

• 6MV8 


Medium-Mu 

Triode—Sharp-Cutoff Pentode 



(Video Output) 

• 6CX8 

• 8CX8 

• 11LQ8 

• 6LQ8 



Medium-Mu 

Triode—Sharp-Cutoff Pentode 

• 5AN8 

• 6AZ8 

• 6HL8 

• 5GH8A 

• 6BA8A 

• 6MQ8 

• 6AN8A 

• 6CU8 

• 8AU8 

• 6AU8A 

• 6GH8A 

• 9GH8A 

Medium-Mu 

Twin Triode 



• 6FQ7/6CG7 • 12AU7A/ • 12FQ7 

• 8FQ7/8CG7 ECC82 


Twin Diode—High-Mu Triode 
• 6CN7 • 8CN7 


High-Mu Triode—Sharp-Cutoff Pentode 
(Video Output) 


• 6AW8A • 6KT8 • 8KA8 

• 6EB8 . 6KV8 . 8LC8 

• 6GN8 • 6LC8 • 10GN8 

• 6GW8/ • 8AW8A • 10HF8 

ECL86 . 8GN8/ . 10JA8/ 

• 6HF8 8EB8 10LZ8 

• 6JV8 • 8JV8 • 11KV8 

• 6KA8 


25. TUNING INDICATORS 


Indicator with Triode Unit 
6E5 6U5 

Twin Indicator Units 
© 6AF6G 


26. VERTICAL-DEFLECTION 
CIRCUITS 

Oscillators and Amplifiers (Combined) 

Medium-Mu Triode—Low-Mu Triode 

• 6DE7 • 10EW7 • 13DE7 

• 6EW7 • 10DE7 

Medium-Mu Dual Triode 

• 6CM7 • 8CM7 • 8CS7 

• 6CS7 

Medium-Mu Twin Triode 

• 6FQ7/6CG7 • 8FQ7/8CG7 • 12FQ7 


• Miniature 


© Octal 


A Novar 


I Duodecar 
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High-Mu Triode—Low-Mu Triode 


Power Pentode 


• 6CY7 

• 6DR7 

0 6EM7/ 
6EA7 

• 6FD7 

A 6GF7A 


• 10DR7 
0 10EM7 

^ 10GF7A 

• 13DR7 
© 13EM7/ 

15EA7 


0 13FM7/ 
15FM7 
A 13FD7 
A 13GF7A 


High-Mu Triode—Beam Power Tube 

* 6KY8A $ 6LU8 $ 16LU8 

A 6LR8 A 15KY8A A 21LR8 

$ 21LU8 
A 31LR8 


• 6GK6 • 10GK6 • 16GK6 

© 6K6GT 


27. VIDEO AMPLIFIERS 

Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5AN8 • 6AZ8 • 6MQ8 

• 5GH8A • 6BA8A • 8AU8 

• 6AN8A • 6GH8A • 9GH8A 

• 6AU8A • 6HL8 


Dual Triode 


Medium-Mu Triode—Sharp-Cutoff Pentode 
(Video Output) 


0 6EM7/ 
6EA7 


A 6GF7A © 13EM7/ 
15EA7 


• 6CX8 • 8CX8 • 11LQ8 

• 6LQ8 


Dual Triode—Beam Power Tube 
$ 23Z9 

Medium-Mu Triode—Power Pentode 
$ 6JZ8 * 17JZ8 $ 25JZ8 

$ 13JZ8 $ 24JZ8 


High-Mu Triode—Sharp Cutoff Pentode 
(Video Output) 


• 6AW8A 

• 6EB8 

• 6GN8 

• 6HF8 

• 6JV8 

• 6KV8 


• 6LF8 

• 8AW8A 

• 8GN8/ 

8EB8 

• 8JV8 


• 10GN8 

• 10HF8 

• 10JA8/ 

10LZ8 

• 10LY8 

• 11KV8 


Amplifiers 

Low-Mu Triode 

• 12B4A 

Medium-Mu Triode 

• 6S4A 


Sharp-Cutoff Pentode (Video Output) 

• 6AG7 • 10GK6 • 12HG7 

• 6CL6 • 11HM7 • 12HG7/ 

• 6GK6 • 12BY7A/ 12GN7A 

• 6JG5 12BV7/ • 12HL7 

• 7KY6 12DQ7 


Beam Power Tube 


Diode—Sharp-Cutoff Pentode 


• 5AQ5 

• 5CZ5 

• 6AQ5A 

• 6CZ5 

• 6DS5 

• 6EM5 
$ 6JA5 


$ 6JB5/ 
6HE5 

• 6JQ6# 
o 6V6 

0 6V6GTA 

• 8EM5 
$ 10JA5 


• 11DS5 

• 12AQ5 

• 12JQ6# 
o 12V6GT 

• 17JQ6# 


• 5AM8 • 6AM8A • 6AS8 

High-Mu Triode—Sharp-Cutoff Pentode 

• 6KT8 

Sharp-Cutoff Pentode 
• 3JC6A • 4JC6A • 6JC6A 


® Miniature 


© Octal 


A Novar 


t Duodecar 


# With an integral diode 
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Technical Data for RCA 
Receiving Tubes 

Entertainment and 
Industrial Types 


This section contains technical data for RCA receiving tubes, intended 
for use in many diverse entertainment and industrial applications such as 
standard broadcast, FM, television receiver, audio amplifier, on-off control, 
voltage regulator, and voltage reference. Detailed data are presented on 
popular types. Essential information on less active types and on discon¬ 
tinued types in which there still may be some interest is given in chart 
form at the end of the section. 

Tube types are listed in this section according to the numerical- 
alphabetical-numerical sequence of their type designations. Tube types 
which have superseding versions are cross-referenced to active types. In 
addition, an alpha-numeric listing of foreign type designations is included 
at the end of this data section. 

A grid-No. 2 input rating chart for certain voltage-amplifier types, as 
specified in the technical data, is shown on page 300. Safety Precautions 
are given on page 93. Characteristics for RCA television picture tubes for 
replacement use are given in RCA Picture Tube Characteristics Charts. 

When choosing types for the design of new electronic equipment, the 
designer should refer to the Application Guide for RCA Receiving Tubes 
which starts on page 104. 

To expedite the preliminary search for interchangeable tube types, the 
section Terminal Diagrams, which starts on page 594, includes a compre¬ 
hensive listing of domestic and foreign tube types having the same basing 
arrangement. The Key To Terminal Diagrams is given on page 612. 

Two replacement guides are also included. A Replacement Guide— 
Entertainment Receiving Types and a Replacement Guide—Industrial Re¬ 
ceiving Types are given on pages 650 and 657 respectively. 
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OA2 


VOLTAGE REGULATOR 


INDUSTRIAL 

TYPE 

Miniature type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 5D; 
requires miniature 7-contact socket. 


MAXIMUM RATINGS (Absolute-Maximum Values) 
Average Starting Current♦ . 


DC Cathode Current 


Frequency . 

Ambient-Temperature Range 


MAXIMUM CIRCUIT VALUES 



—55 to +90 °C 


Shunt Capacitor . 0.1 fiF 

Series Resistor . See Operating Considerations 


CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 


DC Anode-Supply Voltage 
Anode Breakdown Voltage 

Anode Voltage Drop . 

Regulation (5 to 30 mA) . 


Min. 

185« 

Av. 

Max. 

volts 

— 

156 

185* 

volts 

140® 

151 

168* 

volts 

— 

2 

6* 

volts 


♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol¬ 
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 


■ Not less than indicated supply voltage should be provided to insure “starting” throughout 
tube life. 


* Maximum individual tube value during useful life. 

• Minimum individual tube value during useful life. 


Operating Considerations 

Sufficient resistance must always be used in series with the tube to limit 
the current through the tube. The value for the series resistor is dependent 
on the maximum anode-supply voltage and the ratio of the current through 
the load to the operating current of the tube, and should be chosen to limit 
the operating current through the tube to the maximum rated value at all 
times after the starting period. 

The maximum load current that can be regulated by the tube is de¬ 
termined by the minimum and maximum values of the supply voltage. After 
the value of series resistor for the maximum supply voltage has been cal¬ 
culated as indicated above, it is then in order to determine if this value will 
permit adequate starting voltage when the supply voltage falls to its mini¬ 
mum value. If adequate starting voltage is not obtained, a new load current 
of lower value must be used and the calculations repeated. It will be apparent 
from such calculations that the higher the minimum supply voltage and the 
smaller the difference between its minimum and maximum values, the higher 
will be the load current that can be regulated. 

When equipment utilizing the tube is “turned on”, a starting current 
in excess of the average operating current is permissible as indicated under 
Maximum Ratings. When the tube is subjected to such high starting cur¬ 
rents, the regulated voltage may require up to 20 minutes to drop to its 
normal operating value. This performance is characteristic of voltage-regu¬ 
lator tubes of the glow-discharge type. Similarly, the regulation is affected 
by changes in current within the operating current range. 

In order to handle more load current, two or more tubes may be oper¬ 
ated in parallel, but such parallel operation requires that a resistance of 
approximately 100 ohms be used in series with each tube in order to equal¬ 
ize division of the current between the paralleled tubes. The disadvantage 
of this method, of course, is that the use of resistors impairs the regulation 
which can be obtained. 
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If the associated circuit has a capacitor in shunt with the tube, the ca¬ 
pacitor should be limited in value to 0.1 /xF. A larger value may cause the 
tube to oscillate and thus give unstable regulation performance. 


TYPE 



Typical circuit to provide regulated supply voltage of approximately 150 or 108 volts to 
load. Removal of tube from socket removes voltage from load. 



Typical circuit using two OA2’s or two OB2’s to provide regulated supply voltages of 
approximately 300 or 216 volts and 150 or 108 volts to load. Socket connections are so 
made that voltage on load is removed when either tube is taken from its socket. 


SERIES 

RESISTOR 


TYPE 

OA2 OR OB2 


TO CATHODE 
OF TUBE 



Typical circuit for bias-supply regulation. Removal of tube from socket opens B-supply 

circuit of regulated tubes. 
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OA2WA 

0A3 

OA3A 

0A4G 


Refer to chart at end 
Refer to chart at end 
Refer to chart at end 
Refer to chart at end 


of section, 
of section, 
of section, 
of section. 


OB2 

INDUSTRIAL 

TYPE 


VOLTAGE REGULATOR 


Miniature type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 5D; 
requires miniature 7-contact socket. 



MAXIMUM RATINGS (Absolute-Maximum Values) 

Average Starting Current ♦ . 

DC Cathode Current . 

Frequency . 

Ambient-Temperature Range . 

MAXIMUM CIRCUIT VALUES 

Shunt Capacitor . 

Series Resistor . 


75 

mA 

f30 

mA 

l 5 min. 

mA 

0 

Hz 

—55 to +90 

°C 

0.1 

fiF 


See Operating Considerations 


CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 


DC Anode-Supply Voltage 
Anode Breakdown Voltage 

Anode Voltage Drop . 

Regulation (5 to 30 mA) . 


Min. 

133" 

Av. 

Max. 

volts 

— 

115 

133* 

volts 

101* 

108 

114* 

volts 

— 

1 

4* 

volts 


♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol¬ 
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 

■ Not less than indicated supply voltage should be provided to insure “starting” throughout 
tube life. 

* Maximum individual tube value during useful life. 

• Minimum individual tube value during useful life. 


Operating Considerations 

Refer to type OA2. 


OB2WA Refer to chart at end of section. 

OC2 Refer to chart at end of section. 


OC3 

INDUSTRIAL 

TYPE 


VOLTAGE REGULATOR 


Glass octal type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 22; 
requires octal socket. 


p 



4AJ 


MAXIMUM RATINGS (Absolute-Maximum Values) 

Average Starting Current^ . 

DC Cathode Current . 

Frequency . 

Ambient-Temperature Range . 


100 

mA 

(40 

mA 

l 5 min. 

mA 

0 

Hz 

—55 to +90 

°C 
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MAXIMUM CIRCUIT VALUES 


Shunt Capacitor . 0-1 . ^ 

Series Resistor . See Operating Considerations 


CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 


DC Anode-Supply Voltage . 
Anode Breakdown Voltage 

Anode Voltage Drop . 

Regulation (5 to 40 mA) . 


Min. 

133« 

Av. 

Max. 

volts 


115 

133* 

volts 

103* 

108 

116* 

volts 

2 

4* 

volts 


♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol¬ 
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 

■ Not less than indicated supply voltage should be provided to insure “starting ’ throughout 
tube life. 

* Maximum individual tube value during useful life. 

• Minimum individual tube value during useful life. 


Operating Considerations 

Refer to type OA2. For circuit diagrams refer to next page. 


Refer to chart at end of section. 


OC3A 


p 



4AJ 


VOLTAGE REGULATOR 


OD3 

INDUSTRIAL 

TYPE 


Glass octal type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 22; 
requires octal socket. 


MAXIMUM RATINGS (Absolute-Maximum Values) 

Average Starting Current ♦ . 

DC Cathode Current . 

Frequency . 

Ambient-Temperature Range . 


100 

mA 

(40 

mA 

\ 5 min. 

mA 

0 

Hz 

—55 to +90 

°C 


MAXIMUM CIRCUIT VALUES 


Shunt Capacitor . 0.1 /iF 

Series Resistor . See Operating Considerations 


CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 


DC Anode-Supply Voltage 
Anode Breakdown Voltage 
Anode Voltage Drop 
Regulation (5 to 40 mA) . 


Min. 

185 B 

Av. 

Max. 

volts 

— 

160 

185* 

volts 

142* 

153 

165* 

volts 

— 

4 

5.5* 

volts 


♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol¬ 
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 


* Not less than indicated supply voltage should be provided to insure “starting” throughout 
tube life. 


* Maximum individual tube value during useful life. 

• Minimum individual tube value during useful life. 


Operating Considerations 

Refer to type OA2. For circuit diagrams refer to next page. 


Refer to chart at end of section. 


OD3A 
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117V. 
AC 



XX 


TO 

RECTIFIER 
AND FILTER 
OF B-SUPPLY 

I 


TO 


TYPE 0A3, 
0C3, OR 0D3 


FILTER 

(DC 

VOLTAGE 

SUPPLY) 

1 I 



-j-Q 

REGULATED +B 
SUPPLY VOLTAGE 
TO LOAD 

TYPE VOLTS (APPROX.) 
0A3 75 

0C3 105 

0D3 150 - B 

_L___o 


92CS-I9I83 

Typical circuit to provide regulated supply voltage of approximately 75, 105, or 150 
volts to load. Removal of tube from socket removes voltage from load. 


SERIES 

RESISTOR 



SUPPLY VOLTAGE 
TO LOAD 


Typical circuit using two OCS’s, or two OD3’s to provide regulated supply voltages of 
approximately 210 or 300 volts and 105 or 150 volts to load. Socket connections are so 
made that voltage on load is removed when either tube is taken from its socket. 



Technical Data 


in 


Refer to chart at end of data section. 


OZ4 


Refer to type OZ4A/OZ4. 


OZ4A 



FULL-WAVE GAS RECTIFIER OZ4A/OZ4 

Metal type used as a power rectifier in equipment with 
vibrator-type power supplies. Outlines section, 2A; re¬ 
quires octal socket. This tube, like other power-hand¬ 
ling tubes, should be adequately ventilated. 


Full-Wave Rectifier 

MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage (Per Plate) . 

Peak Starting-Supply Voltage (Per Plate) . 

Peak Plate Current (Per Plate) . 

DC Output Current . 


880 max 
300 A min 
330 max 
110 max 
30 A min 


volts 

volts 

mA 

mA 

mA 


TYPICAL OPERATION WITH VIBRATOR-TYPE POWER SUPPLY 
AND CAPACITOR INPUT TO FILTER 

Peak Plate Supply Voltage (Per Plate) J . 

Filter-Input Capacitor . 

Total Effective Plate Supply Impedance (Per Plate) . 

DC Output at Input to Filter . 

DC Output Current . 

CHARACTERISTICS 

Tube Voltage Drop for current of 110 mA (Per Plate) . 

MINIMUM CIRCUIT VALUE 

Total Effective Plate-Supply Impedance (Per Plate) . 

A Absolute value. Under no circumstances should the tube be operated below the value shown, 
t Open-circuit voltage (flat portion of transformer voltage wave). 


440 

8 

600 

310 

100 


24 


300 


volts 

fiF 

ohms 

volts 

mA 


volts 


ohms 


Refer to chart at end of section. OZ4G 

Refer to chart at end of section. 1A3 

Refer to chart at end of section. 1A4P 

Refer to chart at end of section. 1A5GT 

Refer to chart at end of section. 1A6 

Refer to chart at end of section. 1A7GT 

Refer to chart at end of section. 1AC5 

Refer to chart at end of section. 1AD2 



HALF-WAVE 
VACUUM RECTIFIER 


1AD2A 


Duodecar type used as a rectifier in high-voltage pulse 
circuits of color and black-and-white television receiv¬ 
ers. Outlines section, 9A; requires duodecar 12-contact 
socket. Socket terminals 4 and 10 may be used as tie 
points for components at or near filament potential. For 
high-voltage and X-ray safety considerations, refer to 
page 93. 
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Filament Voltage (ac/dc) . 

Filament Current . 

Direct Interelectrode Capacitance (Approx.): 
Plate to Filament . 


1.25 

volts 

0.2 

ampere 

1.6 

PF 


Pulsed Rectifier 


For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 26000• 

Peak Plate Current . 50 

Average Plate Current . 0.5 

Filament Voltage: 

Absolute-maximum value . 1.45 

Absolute-minimum value . 1.05 


volts 

mA 

mA 

volts 

volts 


CHARACTERISTIC Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 225 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


#Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 22000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


1AD5 


Refer to chart at end of section. 


1AX2 Refer to chart at end of section. 

| AY2 Refer to chart at end of section. 


1AY2A 


HALF-WAVE 
VACUUM RECTIFIER 


Miniature type used to supply high voltage to the anode 
of the picture tube in television receivers. Outlines sec¬ 
tion, 33A; requires 2-contact socket. For high-voltage 
and X-ray safety considerations, refer to page 93. 


Filament Voltage (ac/dc) . 

Filament Current . 

Direct Interelectrode Capacitances: 
Plate to Filament . 



1.25 

volts 

0.2 

ampere 

1.4 

pF 


Flyback Rectifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Filament Voltage: 

Absolute-maximum value . 

Absolute-minimum value . 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA ... 

X-RADIATION CHARACTERISTIC 

X-Radiation Maximum: . 

Statistical value controlled on a lot sampling basis . 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* The dc component must not exceed 22000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above imay result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


26000* 

50 

0.5 

1.45 

1.05 


100 


0.5 


volts 

mA 

mA 

volts 

volts 


volts 


mR/hr 


1B3GT 


Refer to chart at end of section. 

For replacement use type 1G3GTA/1B3GT. 
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Refer to chart at end of section. 1B4P 

Refer to chart at end of section. 1B5/25S 

Refer to chart at end of section. 1B7GT 

Refer to chart at end of section. 1BC2 



HALF-WAVE 
VACUUM RECTIFIER 


1BC2A 


Miniature type used as a high-voltage rectifier to sup¬ 
ply power to the anode of the television picture tube. 
Outlines section, 7E. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 
1.25; amperes, 0.2. 


Flyback Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 18000* volts 

Peak Plate Current . 45 mA 

Average Plate Current . 0.5 mA 

Filament Voltage: 

Absolute-maximum value . 1.45 volts 

Absolute-minimum value . 1.05 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 80 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* The dc component must not exceed 15000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


Refer to chart at end of section. 

1BH2 
1BH2A 

Refer to chart at end of section. 

1C5GT 

Refer to chart at end of section. 

1C6 

Refer to chart at end of section. 

1C7G 

Refer to chart at end of section. 

1C21 

Refer to chart at end of section. 

1D5GP 

1D5GT 

Refer to chart at end of section. 

1D7G 

Refer to chart at end of section. 

1D8GT 

Refer to chart at end of section. 

1DG3 
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1DG3A 


HALF-WAVE 
VACUUM RECTIFIER 


Glass octal type used as a high-voltage rectifier to 
supply power to the television picture tube. Outlines 
section, 14J; requires octal socket. Socket terminals 1 
and 7 may be used as tie points for components at or 
near filament potential. For high-voltage and X-ray 
safety considerations, refer to page 93. Filament: 
volts (ac/dc), 1.25; ampere, 0.2. 



Flyback Rectifier 

For operation in a 525-line. 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 26000* volts 

Peak Plate Current . 50 mA 

Average Plate Current . 0.5 mA 

Filament Voltage: 

Absolute-maximum value . 1.45 volts 

Absolute-minimum value . 1.05 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 225 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle. 

• The dc component must not exceed 22000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


1DN5 

1E5GP 

1E7GT 

1E8 

1F4 

1F5G 

1F6 

1F7G 

1G3GT/ 

1B3GT 

1G3GTA 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 1G3GTA/1B3GT. 
For replacement use type 1G3GTA/1B3GT. 


1G3GTA/ 

1B3GT 


HALF-WAVE 
VACUUM RECTIFIER 


Glass octal type used as a high-voltage rectifier to sup¬ 
ply power to the anode of the television picture tube. 
Outlines section, 14B; requires octal socket. Socket 
terminals 4 and 6 may be used as tie points for com¬ 
ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 
Filament: volts (ac/dc), 1.25; ampere, 0.2. 
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Flyback Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 26000* volts 

Peak Plate Current . 50 mA 

Average Plate Current . 0.5 mA 

Filament Voltage: 

Absolute-maximum value . 1.45 volts 

Absolute-minimum value . 1.05 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 100 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* The dc component must not exceed 21000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 


1G4GT 

TG5G 

1G6GT 

1H4G 

1H5GT 

1H6G 

1J3 

1J5G 

1J6G 
1J6GT 

1K3 

1K3/1J3 


^ HALF-WAVE ll/'QA/llQ 

LC (${ ±\s) lQ VACUUM RECTIFIER IKOA/IJO 

( ) Glass octal type used as a high-voltage rectifier to sup- 

ply power to the anode of the television picture tube. 
Outlines section, 14B; requires octal socket. Socket 
lc lc terminals 4 and 6 may be used as tie points for com- 
20 ponents at or near filament potential. For high-voltage 

and X-ray safety considerations, refer to page 93 . 
Filament: volts (ac/dc), 1.25; ampere, 0.2. 

Flyback Rectifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 26000* volts 

Peak Plate Current . 50 mA 

Average Plate Current . 0.5 mA 

Filament Voltage: 

Absolute-maximum value . 1.45 volts 

Absolute-minimum value . 1.05 volts 
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CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 225 volt? 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* The dc component must not exceed 22000 volts. 

Caution —Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


1L4 

1L6 

1LA4 

1LA6 

1LB4 

1LC5 

1LC6 

1LD5 

1LE3 

1LG5 

1LH4 

1LN5 

1N2A 

1N5GT 

1N6G 

1P5GT 

1Q5GT 

1R5 

1S2A/DY87 

154 

155 
1T4 

1T5GT 

1T6 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 


1U4 
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Refer to chart at end of section. 1U5 

Refer to chart at end of section. IV 



HALF-WAVE 
VACUUM RECTIFIER 

Miniature type used as a doubler in high-voltage pulse 
rectifier circuits of black-and-white television receivers 
and as a focus rectifier in color television receivers. 
The very low power required by the filament permits 
the use of a rectifier transformer having small size and 
light weight. Outlines section, 6B; requires miniature 
9-contact socket. 



Filament Voltage (ac) . 0.625* volt 

Filament Current . 0.3 ampere 

Direct Interelectrode Capacitance: 

Plate to Filament (Approx.) . 0.8 pF 


■ Under no circumstances should the filament voltage be less than 0.525 volt or greater than 
0.725 volt. 


Pulsed Rectifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 8250* volts 

Peak Plate Current . 11 mA 

Average Plate Current . 0.6 mA 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• The dc component must not exceed 7000 volts. 

Refer to chart at end of section. 

Refer to chart at end of section. 


1X2 A 
1X2B 

1X2B/1X2A 



9Y 


HALF-WAVE 
VACUUM RECTIFIER 

Miniature type used as a rectifier in high-voltage pulse 
circuits of black-and-white television receivers and as a 
focus rectifier in color television receivers. Outlines 
section, 7A; requires miniature 9-contact socket. Socket 
terminals 3 and 7 may be used as tie points for com¬ 
ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 



Filament Voltage (ac) . 1.25 volts 

Filament Current . 0.2 ampere 

Direct Interelectrode Capacitance: 

Plate to Filament and Internal Shield (Approx.) . 1 pF 


Flyback Rectifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 22000* volts 

Peak Plate Current . 45 mA 

Average . Plate Current . 0.5 mA 

Filament Voltage: 

Absolute-maximum value . 1.45 volts 

Absolute-minimum value . 1.05 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 80 volts 




















124 


RCA Receiving Tube Manual 


X-RADiATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* The dc component must not exceed 18000 volts. 

Caution —Operation of this tube outside of the maximum values indicated above may result 
m either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


2A3 

2A5 

2A6 

2A7 

2AF4A 

2AF4B 

2AF4B/2DZ4 

2AH2 

2AS2 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6AF4A. 

Refer to chart at end of section. 
For replacement use type 2BU2/2AH2. 

Refer to chart at end of section. 


2AS2A 


HALF-WAVE 
VACUUM RECTIFIER 


Duodecar type used as a rectifier in high-voltage pulse 
circuits of color television receivers. Outlines section, 
9B; requires duodecar 12-contact socket. Socket termi¬ 
nals 4, 7, and 10 may be used as tie points for com¬ 
ponents at or near heater potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 
Heater: volts (ac/dc), 2.5; amperes, 0.33. 



Pulsed Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

30000* 

90 

1.7 

volts 

mA 

mA 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA .. 

75 

volts 

X-RADIATION CHARACTERISTIC 



X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 

25 

mR/hr 

# Pulse duration must not exceed 15% of a horizontal scanning 

cycle (10 

microseconds). 


• The dc component must not exceed 24000 volts. 

Caution —Operation of this tube/outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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HALF-WAVE 
VACUUM RECTIFIER 


2AV2 


Miniature type used as a high-voltage, low-current 
pulse-operated focus rectifier in color television re¬ 
ceivers. The filament of the tube can be operated 
directly across the filament winding of the horizontal- 
output transformer without a series voltage-dropping 
resistor. Outlines section, 6B; requires miniature 9- 
contact socket. 


Filament Voltage (ac) . 1.8* volts 

Filament Current . 0.225 ampere 

Direct Interelectrode Capacitance (Approx.) : 

Plate to Filament . 0.8 pF 

Pulsed Rectifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 8250** volts 

Peak Plate Current . 50 mA 

Average Plate Current . 0.6 mA 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 1 mA . 20 volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
** Under no circumstances should this absolute value be exceeded; the dc component must 
not exceed 7000 volts. 

* Under no circumstances should the filament voltage be less than 1.53 volts or greater than 
2.07 volts. 


Refer to chart at end of section. 

2B7 

Refer to chart at end of section. 

2BA2 

Refer to chart at end of section. 

2BJ2 

2BJ2A 

Refer to chart at end of section. 

2BN4 

Refer to type 6BN4A. 

2BN4A 

Refer to type 2BU2/2AH2 

2BU2 



HALF-WAVE 
VACUUM RECTIFIER 


2BU2/ 

2AH2 


Duodecar type used as a high-voltage rectifier to sup¬ 
ply power to the anode of the picture tube in television 
receivers. Outlines section, SB; requires 12-contact 
socket. Socket terminals 4, 10, and 11 may be used as 
tie points for components at or near heater potential. 
For high-voltage and X-ray safety considerations, refer 
to page 93. Heater: volts (ac/dc), 2.5; ampere, 0.33. 










126 


RCA Receiving Tube Manual 


Flyback Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 30000* volts 

Peak Plate Current . 80 mA 

Average Plate Current . 1.5 mA 

Heater Voltage: 

Absolute-maximum value . 2.9 volts 

Absolute-minimum value . 2.1 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop (Approx.), for plate current of 7 mA . 60 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• The dc component must not exceed 24000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


2CN3A 

2CW4 

2CY5 


Refer to chart at end of section. 
Refer to type 6CW4. 

Refer to type 6CY5. 


2D21 

INDUSTRIAL 

TYPE 


GAS THYRATRON 


Miniature type gas-tetrode thyratron intended for relay 
applications. Outlines section, 5C; requires miniature 
7-contact socket. 



7BN 


Heater Voltage (ac/dc) . 6.3 ± 10% 

Heater Current . 0.6 

Cathode: 

Heating time prior to tube conduction . 10 

Heater-Cathode Voltage: 

Peak value . —100 +25 

Direct Interelectrode Capacitances (Approx.) : 

Grid No. 1 to anode . 0.026 

Input . 2.4 

Output . . 1.6 

Ionization Time (Approx.) : 

For conditions: dc anode volts = 100; grid-No. 1 square-pulse 

volts = 50 ; peak anode amp. during conduction = 0.5 . 0.5 

Deionization Time (Approx.) : 

For conditions: dc anode volts = 125 ; grid-No. 1 volts = —100, 

grid-No. 1 resistor (ohms) = 1000 ; ac anode amp. = 0.1 .... 35 

For conditons: dc anode volts = 125 ; grid-No. 1 volts = —10 ; 

grid-No. 1 resistor (ohms) = 1000, dc anode amp. = 0.1 . . 75 

Maximum Critical Grid-No. 1 Current with an anode-supply volts 

(rms) = 460, and average anode amp. = 0.1 . 0.5 

Anode Voltage Drop (Approx.) . 8 

Grid-No. 1 Control Ratio (Approx.) with grid-No. 1 resistor (meg¬ 
ohms) = 0 ; grid-No. 2 volts = 0 . 250 

Grid-No. 2 Control Ratio (Approx.) with grid-No. 1 resistor (meg¬ 
ohms) = 0; grid-No. 2 resistor (megohms) = 0; grid-No. 1 
volts = 0 . 1000 


volts 

ampere 

seconds 

volts 


pF 

pF 

pF 


fis 

/IS 

/IS 

/iA 

volts 


Relay and Grid-Controlled Rectifier Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 

Peak Anode Voltage: 

Forward . 650 volts 

Inverse . 1300 volts 

Grid-No. 2 (Shield-Grid) Voltage: 

Peak, before anode conduction . —100 volts 

Average, during anode conduction■ . —10 volts 
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Grid-No. 1 (Control-Grid) Voltage: 
Peak, before anode conduction 
Average, during anode conduction" 
Cathode Current: 

Peak . 

Average" . 

Fault, for duration of 0.1 sec. max. 
Grid-No. 2 Current: 

Average" . 

Grid-No. 1 Current: 

Average" . 

Ambient Temperature Range . 


—100 volts 

—10 volts 


0.5 ampere 

0.1 ampere 

10 amperes 

+0.01 ampere 

+0.01 ampere 

—75 to +90 °C 


Operational Range of Critical Grid-No. I 
Voltage. 


TYPE 2D2I GRID-No.2 VOLTS =0 
RANGES SHOWN ARE FOR TWO VALUES 
OF GRID-No. I RESISTOR-O.I MEG AND 10 MEG 
-AND TAKE INTO ACCOUNT INITIAL 
DIFFERENCES BETWEEN INDIVIDUAL TUBES 
& SUBSEQUENT DIFFERENCES DURING 
TUBE LIFE, FOR A HEATER VOLTAGE RANGE 
OF 5.7 TO 6.9 VOLTS 


RANGE FOR RANGE FOR 



-8 


-7 -6 -5 -4 -3 -2 

DC GRID-No.l SUPPLY VOLTS 


-I O 
92CM-6534T4 


TYPICAL OPERATING CONDITIONS FOR RELAY SERVICE 

RMS Anode Voltage . 

Grid-No.2 Voltage . 

RMS Grid-No. 1 Bias Voltage^ . 

DC Grid-No. 1 Bias Voltage . 

Peak Grid-No. 1 Signal Voltage . 

Grid-No. 1-Circuit Resistance . 

Anode-Circuit Resistance# . 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 


117 400 

0 0 

5 — 

— —6 

5 6 

1.0 1.0 

1200 2000 


10 


volts 

volts 

volts 

volts 

volts 

megohm 

ohms 


megohms 


■ Averaged over any interval of 30 seconds maximum. 

Q Approximately 180° out of phase with the anode voltage. 

# Sufficient resistance, including the tube load, must be used under any conditions of opera¬ 
tion to prevent exceeding the current ratings. 


Refer to chart at end of section. 

2D21W 

Refer to type 6DS4. 

2DS4 

Refer to type 6DV4. 

2DV4 

Refer to chart at end of section. 

For replacement use type 2AF4B/2DZ4. 

2DZ4 

Refer to chart at end of section. 

2E5 
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2EG4 


HIGH-MU TRIODE 


Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of television and PM re¬ 
ceivers. Outlines section, 1; requires nuvistor socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Peak Heater-Cathode Voltage . . . 



INDEX’LARGE LUG 
••SHORT PIN—1C 


12AQ 

1.7 volts 

0.6 ampere 

8 seconds 

±100 volts 



Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode, Heater, and Shell . 

Plate to Cathode, Heater, and Shell . 

Plate to Cathode . 

Heater to Cathode . 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Plate Voltage . 

Grid Voltage: 

Negative-bias value . 

Peak or dc positive value . 

Plate Dissipation . 

Cathode Current . 


0.92 pF 

4.3 pF 

1.8 pF 

0.18 pF 

1.6 pF 


300° volts 

135 volts 

55 volts 

0 volts 

1.5 watts 

15 mA 


CHARACTERISTICS AND TYPICAL OPERATION 

Plate Supply Voltage . 

Grid Supply Voltage . 

Cathode-Bias Resistor . 

Grid Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Grid Voltage (Approx.) for plate current of 100 /iA . . 
Grid Voltage (Approx.) for plate current of 10 wA . . 

Plate Current. 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:" 

For fixed-bias operation . 

For cathode-bias operation . 


Typical 

Characteristics Operation 


110 

70 

volts 

— 

0 

volts 

130 

— 

ohms 

— 

47000 

ohms 

63 

68 


7000 

5440 

ohms 

9000 

12500 

/imhos 

—5 

— 

volts 

—6.8 

— 

volts 

6.5 

7 

mA 


. 2.2 

megohms 

. 0.5 

megohm 


0 A plate supply voltage of 300 volts may be used provided that a sufficiently large resistor is 
used in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of 
operation. 


■ For operation at metal-shell temperatures up to 135° C. 
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Refer to chart at end of section. 

2EN5 

Refer to chart at end of section. 

2ER5 

Refer to type 6FH5. 

2FH5 

Refer to chart at end of section. 

For replacement use type 2GK5/2FQ5A. 

2FQ5A 

Refer to type 6FS5. 

2FS5 

Refer to chart at end of section. 

2GK5 

Refer to type 6GK5. 

2GK5/2FQ5A 

Refer to chart at end of section. 

For replacement use type 2FS5. 

2GU5 

For replacement use type 2HM5/2HA5. 

2HA5 

Refer to type 6HM5/6HA5. 

2HM5/2HA5 

Refer to type 6HQ5. 

2HQ5 

Refer to chart at end of section. 

3A2 



9DT 


HALF-WAVE 
VACUUM RECTIFIER 


3A2A 


Miniature type used in high-voltage rectifier circuits of 
small-screen black-and-white television receivers. Out¬ 


lines section, 7A; requires miniature 9-contact socket. 
Socket terminals 1, 3, 4, 6, and 7 may be connected to 
terminal 9 or to a corona shield which connects to 


terminal 9. Terminals 3 and 7 may be used as tie points 


at or near cathode potential. For high-voltage and X-ray safety considera¬ 


tions, refer to page 93. 


Heater Voltage (ac/dc) . 3.15 volts 

Heater Current . 0.22 ampere 

Direct Interelectrode Capacitances: 

Plate to Cathode, Heater, and Internal Shield . 1 pF 


Pulsed Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Ratings) 

Peak Inverse Plate Voltage# . 20000* volts 

Peak Plate Current . 80 mA 

Average Plate Current . 1.5 mA 

Heater Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute-minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 70 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• The dc component must not exceed 18000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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3A3 

3A3/3B2 

3A3A 

3A3A/3B2 

3A3B 


Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section 


HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a rectifier in high-voltage 
pulse circuits of color television receivers. Outlines 
section, 14F; requires octal socket. Socket terminals 
1, 3, 4, 5, 6, and 8 may be connected to terminal 7. 
Socket terminals 4 and 6 may be used as tie points at 
or near cathode potential. For high-voltage and X-ray 
safety considerations, refer to page 93. 




Heater Voltage (ac) . 

Heater Current . 

Direct Interelectrode Capacitances: 

Plate to Heater, Cathode, and Internal Shield 


3.15 

volts 

0.22 

ampere 

1.5 

pF 


Pulsed Rectifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 38000* volts 

Peak Plate Current . 100 mA 

Average Plate Current . 2 mA 

Heater Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute-minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop (Approx.) for plate current of 7 mA . 100 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• DC component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


3A4 


Refer to chart at end of section. 


3A5 

INDUSTRIAL 

TYPE 


H-F TWIN TRIODE 


Miniature type twin triode used as a A-F power ampli¬ 
fier or an R-F power amplifier or oscillator. Each triode 
can be used independently of the other. Outlines section, 
5C; requires miniature 7-contact socket. 



Filament Arrangement 
Filament Voltage (dc) 
Filament Current. 


Series* Parallel** 

2.8 1.4 volts 

0.11 0.22 ampere 
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Grid to Plate. 

Grid to Filament . 

Plate to Filament . 

Plate to Plate . 
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Unit No. 1 Unit No. 2 


3.2 

3.2 

pF 

0.9 

0.9 

pF 

1.0 

1.0 

pF 


0.32 

pF 


A-F Power Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 135 volts 

Plate Current . 5 mA 

Plate Dissipation . 0.5 watt 


CHARACTERISTICS 

Plate Voltage. 

Grid Voltage . 

Amplification Factor 
Plate Resistance . . . 
Transconductance 
Plate Current . 


90 

volts 

—2.5 

volts 

15 


8300 

ohms 

1800 

/imhos 

3.7 

mA 


R-F Power Amplifier and Oscillator—Class C Telegraphy 

Key-down conditions per tube without modulation 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 

DC Grid Voltage . 

DC Plate Current (per unit) . 

DC Grid Current (per unit) . 

Plate Input (per unit) . 

Plate Dissipation (per unit) . 


135 

—30 

15 

2.5 

2.0 

1.0 


volts 

volts 

mA 

mA 

watts 

watt 


TYPICAL OPERATION (At 40 MHz With Both Units In Push-Pull) 

DC Plate Voltage . 


DC Grid Voltage# . 

Peak R-F Grid-to-Grid Voltage 

DC Plate Current . . 

DC Grid Current (approx.) . . . 

Driving Power (approx.) . 

Power Output (approx.) . 


volts 
volts 
ohms 
ohms 
volts 
mA 
mA 
watt 
watts 

Filament voltage applied across two sections in series between pins No. 1 and No. 7. Grid 
voltage is referred to pin No. 1. For series filament operation, a shunting resistor must be 
connected across the section between pins No. 1 and No. 4. to by-pass excess cathode cur¬ 
rent in this section. The value of the shunting resistor should be adjusted to make the 
voltage across the shunted section equal to the voltage across the section between pins 
No. 4 and No. 7. When other tubes in series-filament arrangement contribute to the fila¬ 
ment current of the 3A5, an additional shunting resistor may be required between pins 
No. 1 and No. 7. 


135 

r —2o 

s 4000 
l 570 
90 
30 
5 

0.2 

2 


** Filament voltage applied across the two sections in parallel between pin No. 4 and pins 
No. 1 and No. 7 connected together. Grid voltage is referred to pins No. 1 and No. 7 tied 
together. 

• Obtained by grid resistor (4000), cathode resistor (570), or fixed supply. 


Refer to chart at end of section. 3A8GT 

Refer to chart at end of section. 3AF4A 


Refer to type 6AF4A. 


3AF4A/3DZ4 


Refer to type 6AL5. 


3AL5 


Refer to chart at end of section. 


3AT2 
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3AT2B 


HALF-WAVE 
VACUUM RECTIFIER 


Duodecar type used as a high-voltage rectifier to sup¬ 
ply power to the anode of the television picture tube. 
Outlines section, 9B; requires duodecar 12-contact 
socket. Socket terminals 4, 7, and 10 may be used as tie 
points for components at or near filament potential. 
For high-voltage and X-ray safety considerations, re¬ 
fer to page 93. Heater: volts (ac/dc), 3.15; ampere, 0.22, 



Flyback Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 38000* volts 

Peak Plate Current . 88 mA 

Average Plate Current . 1.7 mA 

Heater Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute-minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 60 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* The dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


3AU6 Refer to type 6AU6A. 

3AV6 Refer to chart at end of section. 


3AW2 


Refer to chart at end of section. 


3AW2A 


HALF-WAVE 
VACUUM RECTIFIER 


Duodecar type used as a high-voltage rectifier to sup¬ 
ply power to the anode of the picture tube in color and 
black-and-white television receivers. Outlines section, 
9B; requires duodecar 12-contact socket. Socket termi¬ 
nals 4, 7, and 10 may be used as tie points at or near 
heater potential. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 
3.15; ampere, 0.35. 



12EW 


Pulsed Rectifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 38000* volts 

Peak Plate Current . 110 mA 

Average Plate Current . 2.2 mA 

Heater Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute-minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 60 volts 
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X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• The dc component must not exeed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BC5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BN4A. 

Refer to type 6BN6. 

Refer to chart at end of section. 

For replacement use type 3BW2/3BS2A/3BT2. 

For replacement use type 3BW2/3BS2A/3BT2. 

Refer to chart at end of section. 

Refer to type 6BU8. 

For replacement use type 3BW2/3BS2A/3BT2. 


3AW3 

3B2 

3B4WA 

3BA6 

3BC5 

3BC5/3CE5 

3BE6 

3BL2 

3BL2A 

3BM2 

3BN2 

3BN2A 

3BN4 

3BN4A 

3BN6 

3BS2A 

3BT2 

3BU8 

3BU8/3GS8 

3BW2 



3BW2/ 
3BS2A/ 

HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used as a high-voltage rectifier to supply 
power to the anode of the picture tube in color tele¬ 
vision receivers. Outlines section, 9B; requires octal 
socket. Socket terminals 4 and 10 may be used as tie 
points for components at or near heater potential. For 
high-voltage and X-ray safety considerations, refer to 
page 93. 





134 


RCA Receiving Tube Manual 


Heater Voltage (ac/dc) . 3.15 volts 

Heater Current . 0.48 ampere 

Direct Interelectrode Capacitance (Approx.): 

Plate to Cathode, Heater, and Internal Shield . 1.6 pF 


Flyback Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 38000® volts 

Peak Plate Current . 110 mA 

Average Plate Current . 2.2 mA 

Heater Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute-minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop (Approx.), for plate current of 7 mA . 70 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle. 

• The dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


3BY6 

3BZ6 

3CA3 


Refer to chart at end of section. 
For replacement use type 3CS6. 

Refer to type 6BZ6. 

Refer to chart at end of section. 


3CA3A 


HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a rectifier in high-voltage pulse 
circuts of color television receivers. Outlines section, 
14E; requires octal socket. Socket terminals 1, 3, 4, 5, 6, 
and 8 may be connected to terminal 7 or to a corona 
shield which connects to terminal 7. Socket terminals 
4 and 6 may be used as tie points at or near cathode 
potential. For high-voltage and X-ray safety considera¬ 
tions, refer to page 93. 



8MH 


Heater Voltage (ac) . 

Heater Current . 

Direct Interelectrode Capacitance (Approx.) : 

Plate to Heater, Cathode, and Internal Shield . 

Pulsed Rectifier 


3.6 volts 

0.225 ampere 

1.6 pF 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Heater Voltage: 

Absolute-maximum value . 

Absolute-minimum value . 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 11 mA . 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 

# Pulse duration must not exceed 15% of a horizontal scanning 

• The dc component must not exceed 30000 volts. 


38000® 

volts 

100 

mA 

2 

mA 

4.14 

volts 

3.06 

volts 

60 

volts 

25 

mR/hr 


cycle (10 microseconds). 


Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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For replacement use type 3CB6/3CF6. 
Refer to type 6CB6A. 

Refer to chart at end of section. 

For replacement use type 3BC5/3CE5. 

Refer to chart at end of section. 
For replacement use type 3CB6/3CF6. 

Refer to chart at end of section. 


3CB6 

3CB6/3CF6 

3CE5 

3CF6 

3CN3A 



HALF-WAVE 
VACUUM RECTIFIER 


3CN3B 


Glass octal type used as a high-voltage rectifier to 
supply power to the anode of the picture tube in color 
and black-and-white television receivers. Outlines sec¬ 
tion, 14F; requires octal socket. Socket terminals 4 and 
6 may be used as tie points for components at or near 
heater potential. For high-voltage and X-ray safety 
considerations, refer to page 93. 


Heater Voltage (ac/dc) 
Heater Current . 


3.15 volts 

0.48 ampere 


Flyback Rectifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Heater Voltage: 

Absolute-maximum value . 

Absolute-minimum value . 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 


38000* 

volts 

110 

mA 

2.2 

mA 

3.65 

volts 

2.65 

volts 

60 

volts 

25 

mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• The dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


Refer to type 6CS6. 


3CS6 



HALF-WAVE 
VACUUM RECTIFIER 


3CU3A 


Glass octal type used as a rectifier in high-voltage 
circuits of color and black-and-white television receivers. 
Because of its fast warm-up time it is particularly 
suited for transistorized systems. Outlines section, 14F; 
requires octal socket. Socket terminals 4 and 6 may 
be used as tie points. For high-voltage and X-ray safety 
considerations, refer to page 93. 


Filament Voltage: 3.15 volts 

Filament Current (ac) . 0.28 ampere 

Direct Interelectrode Capacitance: 

Plate to Filament and Shield . 1.5 pF 
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Pulsed Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 33000* volts 

Peak Plate Current . 100 mA 

Average Plate Current . 2 mA 

Filament Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute-maximum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 50 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ Th6 dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


3CX3 


Refer to chart at end of section. 
For replacement use type 3DA3/3DH3. 


3CY3 For replacement use type 3DB3/3CY3. 


3CY5 Refer to type 6CY5. 

3CZ3 For replacement use type 3CZ3A. 


HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type for use in the high-voltage rectifier 
circuits of television receivers and in other high voltage 
applications. Outlines section, 34A; requires octal socket. 
Socket terminals 1, 3, 4, 5, 6, and 8 may fie connected to 
socket terminal 7. Socket terminals 4 and 6 may be used 
as tie points for components at or near heater potential. 
For high-voltage and X-ray safety considerations, refer 
to page 93. 

Heater Voltage . 

Heater Current . 

Heater Warm-up Time . 

Direct Interelectrode Capacitance: 

Plate to Heater, Cathode, and Internal Shield . 




0.48 ampere 

4 seconds 

1.6 pF 


Pulsed Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 38000* volts 

Peak Plate Current . 110 mA 

Average Plate Current . 2.2 mA 

Heater Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute-minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 60 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• The dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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Refer to chart at end of section. 
Refer to type 3DB3/3CY3. 


3DA3/3DH3 

3DB3 



IS 

8MX 


HALF-WAVE 
VACUUM RECTIFIER 


3DB3/3CY3 


Octal type used as a high-voltage rectifier to supply 
power to the anode of the television picture tube. 
Outlines section, 14F; requires octal socket. Socket 
terminals 3, 4, 5, 6, and 8 should not be used as tie 
points although terminals 3, 5, and 8 may be connected 
to terminal 7. For high-voltage and X-ray safety con¬ 
siderations, refer to page 93. 


Heater Voltage . 3.15 volts 

Heater Current . 0.245 ampere 

Direct Interelectrode Capacitance (Approx.) : 

Plate to Heater, Cathode, and Internal Shield . 1.5 pF 


Flyback Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 38000* volts 

Peak Plate Current . 100 mA 

Average Plate Current . 2 mA 

Heater Voltage: 

Absolute-maximum value . 3.65 volts 

Absolute minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 100 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• The dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 



F.Is 


3DC3 


8MZ 


HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a rectifier in high-voltage 
circuits of color and black-and-white television receiv- 
Ig ers. Because of its fast warm-up time it is particularly 
suited for transistorized systems. Outlines section, 14F; 
requires octal socket. Socket terminals 4, 6, and 8 may 
be used as tie points. For high-voltage and X-ray safety 
considerations, refer to page 93. This type is identical 


with type 3CU3A except for the following items: 


Pulsed Rectifier 

For operation in a 525-line, 30-frame system 

110 mA 

2.2 mA 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Plate Current . 

Average Plate Current . 
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HALF-WAVE 
VACUUM RECTIFIER 

3DF3A 

Glass octal types used as a high-voltage rectifier to 
supply power to the anode of the picture tube in tele¬ 
vision receivers. Outlines section, 14G and 14H, respec¬ 
tively; requires octal socket. Socket terminals 1 and 7 
may be used as tie points for components at or near 
heater potential. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 
3.15; ampere, 0.48. 




Flyback Rectifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Heater Voltage: 

Absolute maximum value . 

Absolute-minimum value . 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

3DF3 

Statistical value controlled on a lot sampling basis . . 25 


38000* 

volts 

110 

mA 

2.2 

mA 

3.65 

volts 

2.65 

volts 

60 

volts 


3DF3A 

8 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle. 

• The dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


3DG4 FULL-WAVE 

3DH3 VACUUM RECTIFIER 

Glass octal type used in power supplies of color and 
black-and-white television receivers and other equip¬ 
ment having high dc requirements. Outlines section, 
19E; requires octal socket. It is especially important 
that this tube, like other power-handling tubes, be ade¬ 
quately ventilated. For discussion of Rating Chart, 
refer to Interpretation of Tube Data. Filament: volts 
(ac/dc), 3.3; amperes, 3.8. 


Full-Wave Rectifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current (Per Plate) . 

Hot-Switching Transient Plate Current (Per Plate) .... 

AC Plate Supply Voltage (Per Plate, rms) . 

DC Output Current (Per Plate) . 

Bulb Temperature (At hottest point on bulb surface) 



5DE 


1050 

volts 

1.2 

amperes 

6.5 

amperes 

See 

Rating Chart 

See 

Rating Chart 

200 

°C 


TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 


AC Plate-to-Plate Supply Voltage (rms) . 550 volts 

Filter-Input Capacitor* . 40 jiF 

Effective Plate-Supply Impedance per Plate . 32 ohms 

DC Output Voltage at Input to Filter (Approx.) : 

At full-load current of 350 mA . 300 volts 

CHARACTERISTICS 

Tube Voltage Drop for plate current of 350 mA (per plate) . 25 volts 


• Higher values of. capacitance than indicated may be used, but the effective plate-supply 
impedance may have to be increased to prevent exceeding the maximum peak-plate-current 
rating. 
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RATING CHART 
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For replacement use type 3DA3/3DH3. 3DH3 



is 


8MX 


HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a high-voltage rectifier to 
supply power to the anode of the picture tube in color 
television receivers. Outlines section, 14H; requires octal 
socket. Socket terminals 4 and 6 may be used as tie 
points for components at or near heater potential. For 
high-voltage and X-ray safety considerations, refer to 
page 93. Heater: volts (ac/dc), 3.15; ampere, 0.3. 



Flyback Rectifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 38000# volts 

Peak Plate Voltage . 100 mA 

Average Plate Current .. 2 mA 

Heater Voltage: 

Absolute maximum value . 3.65 volts 

Absolute-minimum value . 2.65 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 7 mA . 70 volts 

X-RADIATION CHARACTERISTIC 

X-Radiation, maximum: 

Statistical value controlled on a lot sampling basis . 25 mR/hr 


# Pulse duration must not exceed 15% of a horizontal scanning cycle. 

• The dc component must not exceed 30000 volts. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


Refer to type 6DK6. 3DK6 

Refer to chart at end of section. 3DR3 

Refer to chart at end of section. 3DS3 

For replacement use type 3DT6A. 3DT6 

Refer to type 6DT6A. 3DT6A 

Refer to chart at end of section. 

For replacement use type 3AF4A/3DZ4. 3DZ4 

Refer to chart at end of section. 3EA5 

For replacement use type 3EH7/XF183. 3EH7 
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3EH7/XF183 

Refer to type 6EH7/EF183. 

3EJ7 

Refer to chart at end of section. 

3EJ7/XF184 

Refer to type 6EJ7/EF184. 

3ER5 

Refer to type 6ER5. 

3FH5 

Refer to chart at end of section. 

3FS5 

Refer to type 6FS5. 

3GK5 

Refer to type 6GK5. 

3GS8 

Refer to chart at end of section. 

For replacement use type 3BU8/3GS8. 

3GS8/3BU8 

Refer to chart at end of section. 

3HA5 

Refer to chart at end of section. 

For replacement use type 3HM5/3HA5. 

3HM5/3HA5 

Refer to type 6HM5/6HA5. 

3HQ5 

Refer to type 6HQ5. 

3HS8 

Refer to chart at end of section. 

3JC6 

Refer to chart at end of section. 

3JC6A 

Refer to type 6JC6A. 

3JD6 

Refer to type 6JD6. 

3KT6 

Refer to type 6KT6. 

3LF4 

Refer to chart at end of section. 

3Q4 

Refer to chart at end of section. 

3Q5GT 

Refer to chart at end of section. 

3S4 

Refer to chart at end of section. 

3V4 

Refer to chart at end of section. 

4AU6 

Refer to type 6AU6A. 

4AV6 

Refer to type 6AV6. 

4BC5 

Refer to chart at end of section. 

4BC8 

Refer to type 6BC8. 

4BL8 

Refer to chart at end of section. 

4BL8/XCF80 

Refer to type 6BL8/ECF80. 

4BN6 

Refer to type 6BN6. 

4BQ7A 

For replacement use type 4BQ7A/4BZ7. 
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Refer to type 6BQ7A/6BZ7/6BS8. 

4BQ7A/4BZ7 

Refer to chart at end of section. 

4BS8 

Refer to chart at end of section. 

4BU8 

Refer to type 6BU8. 

4BU8/4GS8 

Refer to type 6BZ6. 

4BZ6 

Refer to chart at end of section. 

For replacement use type 4BQ7A/4BZ7. 

4BZ7 

Refer to type 6CB6A. 

4CB6 

Refer to type 6CS6. 

4CS6 

Refer to chart at end of section. 

4CY5 

Refer to type 6DE6. 

4DE6 

Refer to type 6DK6. 

4DK6 

Refer to chart at end of section. 

4DT6 

Refer to type 6DT6A. 

4DT6A 

Refer to chart at end of section. 

4EH7 

Refer to type 6EH7/EF183. 

4EH7/LF183 

Refer to chart at end of section. 

4EJ7 

Refer to type 6EJ7/EF184. 

4EJ7/LF184 

Refer to chart at end of section. 

4ES8 

Refer to chart at end of section. 

For replacement use type 4KN8. 

4ES8/XCC189 

Refer to chart at end of section. 

For replacement use type 4LU6. 

4EW6 

Refer to type 6GK5. 

4GK5 

Refer to type 6GJ7/ECF801. 

4GJ7/XCF801 

Refer to chart at end of section. 

4GM6 

Refer to chart at end of section. 

For replacement use type 4BU8/4GS8. 

4GS8 

Refer to chart at end of section. 

4GS8/4BU8 

Refer to chart at end of section. 

4GX7 

Refer to chart at end of section. 

4GZ5 

Refer to chart at end of section. 

For replacement use type 4HM5/4HA5. 

4HA5 

Refer to chart at end of section. 

For replacement use type 4HM5/4HA5. 

4HA5/PC900 

Refer to chart at end of section. 

4HA7 
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4HA7/4HC7 

Refer to chart at end of section. 

4HC7 

Refer to chart at end of section. 

4HM5/4HA5 

Refer to type 6HM5/6HA5. 

4HM6 

Refer to chart at end of section. 

4HQ5 

Refer to type 6HQ5. 

4HS8 

Refer to type 6HS8. 

4HT6 

Refer to chart at end of section. 

4JC6 

Refer to chart at end of section. 

4JC6A 

Refer to type 6JC6A. 

4JD6 

Refer to type 6JD6. 

4JH6 

Refer to type 6JH6. 

4KE8 

Refer to type 6KE8. 

4KN8/4RHH8 

Refer to chart at end of section. 

4KT6 

Refer to type 6KT6. 

4LJ8 

Refer to type 6LJ8. 

4LU6 

Refer to chart at end of section. 

4MK8 

Refer to type 6MK8A. 

4RHH2 

For replacement use type 4BQ7A/4BZ7 

4RHH8 

For replacement use type 4KN8/4RHH8. 

5AM8 

Refer to type 6AM8A. 

5AN8 

Refer to type 6AN8A. 

5AQ5 

Refer to type 6AQ5A. 


5AR4/ 

FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supply of television re¬ 
ceivers and other equipment having high dc require¬ 
ments. Outlines section, 13F; requires octal socket. It 
is especially important that this tube, like other power¬ 
handling tubes, be adequately ventilated. Heater: volts 
(ac/dc), 5; amperes, 1.9. 



Full-Wave Rectifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current (Per Plate) . 

Hot-Switching Transient Plate Current (Per Plate) . . . 
AC Plate-Supply Voltage (Per Plate, rms, without load) 
Average Output Current (Per Plate) . 



1700 volts 

825 mA 

3.7 amperes 

See Rating Chart 
See Rating Chart 
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TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 

AC Plate-to-Plate Supply Voltage (rms) . 

450 

550 

volts 

Effective Plate-Supply Impedance per Plate . 

160 

200 

ohms 

Average Output Current . 

225 

160 

mA 

DC Output Voltage at Input to Filter . 

475 

620 

volts 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 

AC Plate-to-Plate Supply Voltage (rms) . 

450 

550 

volts 

Filter Input Choke . 

10 

10 

henries 

Average Output Current . 

250 

225 

mA 

DC Output Voltage at Input to Filter . 

375 

465 

volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 225 mA 

(Per Plate) . 


17 

volts 


RATING CHART 
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Refer to chart at end of section. 


5AS4 



5AS4A 


NC FULL-WAVE 

VACUUM RECTIFIER 

Glass octal type used in power supplies of television 
receivers having high dc requirements. Outlines section, 
19D; requires octal socket. This type may be supplied 
with pins 3, 5, and 7 omitted. Vertical mounting is pre¬ 
ferred, but horizontal mounting is permissible if pins 
2 and 4 are in vertical plane. It is especially important 
that this tube, like other power-handling tubes, be ade¬ 
quately ventilated. Heater: volts (ac), 5; amperes, 3. For maximum 
ratings, typical operation, and curves, refer to type 5U4GB. 


Refer to chart at end of section. 

5AS8 

Refer to type 6AT8A. 

5AT8 

Refer to chart at end of section. 

5AU4 

For replacement use type 5V3A/5AU4. 

Refer to chart at end of section. 

5AV8 

Refer to chart at end of section. 

5AW4 

Refer to chart at end of section. 

5AZ4 

Refer to chart at end of section. 

5B8 

Refer to chart at end of section. 

5BC3 
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5BC3A 


FULL-WAVE 
VACUUM RECTIFIER 



Novar types used in power supplies of radio equip¬ 
ment and television receivers having high dc require¬ 
ments. Outlines section, 31C; requires novar 9-contact 
socket. Vertical operation is preferred, but tubes may be operated in hori¬ 
zontal position if pins 2 and 7 are in vertical plane. It is especially im¬ 
portant that these tubes, like other power-handling tubes, be adequately 
ventilated. Filament: volts (ac), 5; amperes, 3. 


Full-Wave Rectifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage . 1700 volts 

Peak Plate Current (Per Plate) . 1 ampere 

Hot-Switching Transient Plate Current (Per Plate) 0 . 6 amperes 

AC Plate-Supply Voltage (Per Plate, rms) . See Rating Chart 

Average Output Current (Per Plate) . See Rating Chart 


TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 


AC Plate-to-Plate Supply Voltage (rms) . 

600 

900 

1100 

volts 

Filter-Input Capacitor" . 

40 

40 

40 

/iF 

Total Effective Plate-Supply Impedance per Plate 

21 

67 

97 

ohms 

DC Output Voltage at Input to Filter (Approx.) : 

At load current of: 300 mA . 

290 

— 

— 

volts 

275 mA . 

— 

460 

— 

volts 

162 mA . 

— 

— 

630 

volts 

150 mA . 

335 

— 

— 

volts 

137.5 mA . 

— 

520 

— 

volts 

81 mA . 

— 

— 

680 

volts 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 

AC Plate-to-Plate Supply Voltage (rms) . 

900 

1100 

volts 

Filter-Input Choke .. 


10 

10 

henries 

DC Output Voltage at Input to Filter (Approx.) : 

At load current of: 348 mA . 


340 

— 

volts 

275 mA . 


— 

440 

volts 

174 mA . 


355 

— 

volts 

137.5 mA . 


— 

445 

volts 


° If hot switching is regularly required in operation, the use of choke-input circuits is 
recommended. Such circuits limit the hot-switching current to a value no higher than that 
of the peak plate current. When capacitor-input circuits are used, a maximum peak current 
value per plate of 5 amperes during the initial cycles of the hot-switching transient should 
not be exceeded. 

■ Higher values of capacitance than indicated may be used, but the effective plate-supply 
impedance may have to be increased to prevent exceeding the maximum rating for peak 
plate current. 


RATING CHART 



92CS-II200T3 
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Refer to chart at end of section. 

5BE8 

Refer to type 6BK7B. 

5BK7A 

Refer to type 6BQ7A. 

5BQ7A 

For replacement use type 5BR8/5FV8. 

5BR8 

Refer to type 6BR8A. 

5BR8/5FV8 

Refer to chart at end of section. 

5BT8 

Refer to chart at end of section. 

5BW8 

Refer to type 6CG8A. 

5CG8 

Refer to chart at end of section. 

5CL8 

Refer to type 6CL8A. 

5CL8A 

Refer to chart at end of section. 

5CM8 

Refer to chart at end of section. 

5CQ8 

Refer to type 6CZ5. 

5CZ5 

Refer to chart at end of section. 

5DH8 

Refer to chart at end of section. 

5DJ4 

Refer to type 6EA8. 

5EA8 

Refer to chart at end of section. 

5ES8 

5ES8/YCC189 

Refer to chart at end of section. 

5EU8 

Refer to type 6EW6. 

5EW6 

Refer to type 6FG7. 

5FG7 

Refer to chart at end of section. 

For replacement use type 5BR8/5FV8. 

5FV8 

Refer to type 6GH8A. 

5GH8A 

Refer to chart at end of section. 

5GJ7 

Refer to 6GJ7/ECF801. 

5GJ7/LCF801 

Refer to type 6GM6. 

5GM6 

Refer to type 6GS7. 

5GS7 

Refer to chart at end of section. 

For replacement use type 5HZ6. 

5GX6 

Refer to chart at end of section. 

5GX7 

Refer to chart at end of section. 

5HA7 

Refer to type 6HB7. 

5HB7 
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5HG8 

Refer to chart at end of section 

5HG8/LCF86 

Refer to type 6HG8/ECF86. 

5HZ6 

Refer to type 6HZG. 

5J6 

Refer to type 6J6A. 

5JK6 

Refer to chart at end of section. 

5JL6 

Refer to chart at end of section. 

5JW8 

Refer to type 6JW8/ECF802. 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

Miniature type used as combined vhf oscillator and 
mixer tube in television receivers. Outlines section, 
6B; requires miniature 9-contact socket. 



Heater Voltage (ac/dc) 

Heater Current . 

Heater Warm-up Time . . 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


Class A, Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 

Plate Voltage . 330 

Grid-No.2 (Screen-Grid) Supply Voltage . — 

Grid-No.2 Voltage . — 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 

Plate Dissipation . 2.5 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . — 

For grid-No.2 voltages between 165 and 330 volts — 

CHARACTERISTICS 

Plate Voltage . 125 

Grid-No.2 Voltage . — 

Grid-No.l Voltage . —1 

Amplification Factor . 40 

Plate Resistance (Approx.) . — 

Transconductance . 7500 

Plate Current . 13.5 

Grid-No.2 Current . — 

Grid-No.l Voltage (Approx.) for plate current of 

20 fiA . —9 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation . 
For cathode-bias operation 


H 

H_ (j>) 

Pp 


® Kp 

G 2 p /// 

__Vr\ g 3p 


— \ 7 hs 

nt=== =tiL r 

g ip ( 2a^sT 

yp®K T 

" 

79) 

p T 

w g t 

9AE 

5.6 

volts 

0.45 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 


Pentode Unit 


330 


volts 

330 


volts 

See curve 

page 

300 

0 


volts 

3 


watts 

0.55 


watt 

See curve 

page 

300 

125 


volts 

110 


volts 

—1 


volt 

0.2 


megohm 

5000 


/tmhos 

9.5 


mA 

3.5 


mA 

—8 


volts 


0.5 

megohm 

1 

megohm 


5KE8 


Refer to type 6KE8. 


5KZ8 


Refer to type 6KZ8. 
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Refer to type 6LJ8. 5LJ8 

Refer to type 6MB8. 5MB8 

For replacement use type 5J6. 5MHH3 

Refer to type 6MQ8. 5MQ8 

FULL-WAVE 5R4GB 

VACUUM RECTIFIER INDUSTRIAL 

TYPE 

Glass octal type for industrial and military applica- 
5T tions. Outlines section, 19D; requires octal socket. 

Filament Voltage (ac/dc) . 5 volts 

Filament Current ... 2 amperes 


Operating Position . Vertical, base down or up, or Horizontal 

with pins 2 and 4 in vertical plane 


Full-Wave Rectifier 

MAXIMUM RATINGS (Absolute-Maximum Values) 

For altitudes up to 

Peak Inverse Plate Voltage . 

AC Plate Supply Voltage Per Plate (RMS, without load) 

Peak Plate Current Per Plate . 

DC Output Current Per Plate . 

Hot-Switching Transient Plate Current Per Plate . 

Bulb Temperature (At hottest point on bulb surface) . . 

TYPICAL OPERATION (With Capacitor-Input Filter) 

For altitudes up to 

AC-Plate-to-Plate Supply Voltage (RMS, without load) 

Filter-Input Capacitor . 

Total Effective Plate Supply Impedance Per Plate* ** .... 
DC Ouptut Voltage at Input to Filter (approx.) : 

At half-load current of . 

At full-load current of ^250 mA 
Voltage Regulation (approx.) : 

Half-load to full-load current . 

DC Ouput Current . 


TYPICAL OPERATION (With Choke-Input Filter) 


For altitudes up to 

40000 

20000 

feet 

AC Plate-to-Plate Supply Voltage (RMS, without load) 

1500 

1900 

volts 

Filter-Input Choke . 

5 

10 

henries 

DC Output Voltage at Input to Filter for dc output 
(approx.) : 

87.5 mA . 


800 

volts 

125 mA . 

600 

— 

volts 

175 mA . 

— 

760 

volts 

250 mA . 

560 

—• 

volts 

Voltage Regulation (Approx.) : 

Half-load to full-load current . 

40 

40 

volts 

DC Output Current . 

250 

175 

mA 


* If hot-switching is required in operation, choke-input circuits are recommended. Such 
circuits limit the hot-switching current to a value no higher than that of the peak plate 
current. When capacitor-input circuits are used, a maximum value of 3 amperes should 
not be exceeded. 

** Indicated values for conditions shown will limit peak plate current to the maximum-rated 
value. When a filter-input capacitor larger than 20 ni is used, it may be necessary to in¬ 
crease plate-supply impedance to a higher value than that shown in the data to limit the 
peak plate current to the maximum-rated value. 


40000 

20000 

feet 

2650 

3100 

volts 

See Rating Chart 


715 

715 

mA 

See 

Rating Chart 


* 

* 


230 

230 

°C 


40000 

1400 

1500 

20000 

2000 

feet 

volts 

20 

20 

20 

mF 

225 

250 

375 

ohms 

_ 

910 

1210 

volts 

750 

— 

— 

volts 

— 

800 

1040 

volts 

605 

— 

— 

volts 

145 

110 

170 

volts 

250 

150 

150 

mA 
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RATING CHART 


150 


100 


50| 


TYPE 5R4GYB MAXIMUM VOLTAGE RATING: 

eJ=5 VOLTS AC UP T0 20000 FEET 1 

tf OVULISAG AT 40000 FEET? 

MAXIMUM OPERATING VALUES WITH: / 
rCHOKE-INPUT FILTER / 

\ ^CAPACITOR-INPUT FILTER / 


rnm 



1. . 





1 

1 
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■ 
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■ 
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200 400 600 800 1000 

AC PLATE SUPPLY VOLTS (RMS) 
PER PLATE (WITHOUT LOAD) 


1200 


5R4GY 

5R4GYB 

5T4 

5T8 

5U4G 


92CM-9943TI 

For replacement use type 5R4GB. 

Refer to chart at end of section. 

Refer to type 6T8A. 

Refer to chart at end of section. 


5U4GB 


P 0 2 


FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supplies of radio and 
color and black-and-white television receivers having 
high dc requirements. Outlines section, 19E; requires 
octal socket. This type may be supplied with pins 3, 

5, and 7 omitted. Vertical mounting is preferred, but 
horizontal mounting is permissible if pins 2 and 4 are 
in vertical plane. The coated filament is designed to 
operate from the ac line through a step-down transformer. The voltage at 
the filament terminals should be 5 volts at an average line voltage of 117 
volts. It is especially important that this tube, like other power-handling 
tubes, be adequately ventilated. For discussion of Rating Chart and Opera¬ 
tion Characteristics, refer to Interpretation of Tube Data. Filament: volts 
(ac), 5; amperes, 3. 



Full-Wave Rectifier 


MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage . 




1550 

volts 

Peak Plate Current (Per Plate) . 



1 

ampere 

Hot-Switching Transient Plate 

Current (Per Plate) 



# 


AC Plate Supply Voltage (Per Plate, rms) . 



See Rating Chart 

Average Output Current (Per Plate) . 

TYPICAL OPERATION WITH CAPACITOR INPUT TO 

FILTER 


See Rating Chart 

AC Plate-to-Plate Supply Voltage (rms) . 

600 

900 

1100 

volts 

Filter-Input Capacitor* . 


40 

40 

40 

M.F 

Total Effective Plate-Supply Impedance per Plate 

DC Output Voltage at Input to Filter (Approx.) : 

21 

67 

97 

ohms 


150 mA ... 

335 

— 

— 

volts 

At full-load current of i 

137.5 mA .... 

— 

520 

— 

volts 


81 mA ... 

— 

— 

680 

volts 


300 mA .... 

290 

— 

— 

volts 

At half-load current of 

275 mA .... 

— 

460 

— 

volts 

Voltage Regulation (Approx.) 

162 mA .... 

— 

— 

630 

volts 

Half-load to full-load current . 

45 

60 

50 

volts 
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RATING CHART 



AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

92CS-8450TI 


TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 

AC Plate-to-Plate Supply Voltage (rms) . 

Filter-Input Choke . 

DC Output Voltage at Input to Filter (Approx.) : 

At half-load current of j 


900 

1100 

volts 

10 

10 

henries 

355 

_ 

volts 

— 

455 

volts 

340 

_ 

volts 

— 

440 

volts 

15 

15 

volts 


a 4 . j- n 1 « f 348 mA . 340 — volts 

At full-load cunent of | 2 75 m A . — 440 volts 

Voltage Regulaton (Approx.) : 

Half-load to full-load current . 15 15 volts 

# If hot switching is regularly required in operation, the use of choke-input circuits is 
recommended. Such circuits limit the hot-switching current to a value no higher than that 
of the peak plate current. When capacitor-input circuits are used, a maximum peak current 
value per plate of 4.6 amperes during the initial cycles of the hot-switching transient should 
not be exceeded. 

* Higher values of capacitance than indicated may be used, but the effective plate-supply 
impedance may have to be increased to prevent exceeding the maximum rating for peak 
plate current. 


OPERATION CHARACTERISTICS 

FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER 
-1-1-1-1-1-r- t-t- 

TYPE 5 U 4 GB 

E* =5.0 VOLTS AC SUPPLY FREQUENCY=60CPS 
“ SOLID-LINE CURVES = CHOKES OF INFINITE 
INDUCTANCE 

LONG-DASH LINES = BOUNDARY LINES FOR 

CHOKE SIZES AS SHOWN - 
SHORT-DASH CURVES=REGULATION CURVES 
FOR REPRESENTATIVE 
CHOKE SIZES 

CURRENT-AND-VOLTAGE BOUNDARY LINE CBA 
IS THE SAME AS SHOWN ON RATING CHART 

O-'TRRRRP-1— 

__ 0 AS SHOWN C "P l6/ if j 


OPERATION CHARACTERISTICS 
FULL-WAVE CIRCUIT. CAPACITOR INPUT TO FILTER 

- 1 -;-i- 1 l i I : * 

TYPE 5U4GB 
Ef= 5.0 VOLTS AC 
-SUPPLY FREQUENCY = 60 CPS 
CAPACITOR (C) INPUT TO FILTER: 40 ULP 
TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCE 

PER PLATE: - 

CURVE! 12 3 4 5 6 7 8 

OHMS III II 20 36 52 67 82 97 
'CURRENT-AND-VOLTAGE BOUNDARY LINE 'DEA'= 
SEE RATING CHART 




O 600 



JPER_ PL^TEX 

Boo -j— 


i i i i _ i i* i i 

100 200 300 400 

DC LOAD MILLIAMPERES 

92CM-6447TI 
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5U8 

5U9/LCF201 

5V3 

5V3A 


Refer to type 6U8A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 5V3A/5AU4. 

For replacement use type 5V3A/5AU4. 


5V3A/5AU4 


FULL-WAVE po 2 

VACUUM RECTIFIER 

Glass octal type used in power supplies of color and 
black-and-white television receivers and other equip¬ 
ment having high dc requirements. Outlines section, 

19E; requires octal socket. Vertical mounting is pre¬ 
ferred, but horizontal mounting is permissible if pins 
2 and 4 are in vertical plane. It is especially important 
that this tube, like other power-handling tubes, be ade¬ 
quately ventilated. For discussion of Rating Chart, refer to Interpretation 
of Tube Data. Filament: volts (ac/dc), 5; amperes, 3. 



Full-Wave Rectifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage . 1550 volts 

Peak Plate Current (Per Plate) . 1.4 amperes 

Hot-Switching Transient Plate Current (Per Plate) . 6.6 amperes 

AC Plate-Supply Voltage (Per Plate, rms, without load) . 550 volts 

Average Output Current (Per Plate) . 415° mA 


° With capacitor-input filter for ac plate-supply volts (rms, per plate, without load) = 470. 


TYPICAL OPERATION 


Filter Input 

AC Plate-to-Plate Supply Voltage (rms) 

Filter-Input Capacitor* . 

Effective Plate-Supply Impedance per Plate 

Minimum Filter-Input Choke . 

Average Output Current . 

DC Output at Input to Filter (Approx.) 

CHARACTERISTIC 


Capacitor 

850 

Choke 

1000 

volts 

40 

— 

fiF 

60 

— 

ohms 

— 

10 

henries 

350 

350 

mA 

440 

390 

volts 

plate) .... 

42 

volts 


■ When capacitor values greater than 40 /zF are used, the effective plate-supply impedance 
should be increased so that the maximum rating for peak plate current is not exceeded. 


RATING CHART 



92CS-I02SIT2 


5V4G 


Refer to chart at end of section, 
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5V4GA 


*0i 

FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in full-wave power supplies hav¬ 
ing high dc requirements. Outlines section, 19B; requires 
octal socket. The heater is designed to operate from 
the ac line through a step-down transformer. The volt¬ 
age at the heater terminals should be 5 volts under 
operating conditions at an average line voltage of 117 volts. It is especially 
important that these tubes, like other power-handling tubes, be adequately 
ventilated. Heater: volts (ac/dc) 5; amperes, 2. 



Full-Wave Rectifier 


MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 


1400 

volts 

AC Plate-Supply Voltage (Per Plate, rms) : 

With capacitor-input filter . 


375 

volts 

With choke-input filter . 


500 

volts 

Peak Plate Current (Per Plate) . 


625 

mA 

Average Output Current . 


176 

mA 

TYPICAL OPERATION 

Filter Input 

AC Plate-to-Plate Supply Voltage (rms) . 

Capacitor 

750 

Choke 

1000 

volts 

Filter-Input Capacitor* . 

10 

— 

/iF 

Total Effective Plate-Supply Impedance per Plate . . 

100 

— 

ohms 

Filter-Input Choke . 

— 

4 

henries 

DC Output Voltage at Input to Filter (Approx.) : 
At output current of 175 mA . 

410 

410 

volts 


* Higher values of capacitance than indicated may be used, but the effective plate-supply 
impedance may have to be increased to prevent exceeding the maximum rating for peak 
plate current. 



OPERATION CHARACTERISTICS 

FULL-WAVE RECTIFIER CIRCUIT 

a: 

u 

>- 

£500 

o 

t- 

D 400 
CL 

z 

TYPE 5V4GA 

Ex 1 = 5.0 VOLTS 


n 



1 

SU 

PPLY FREQUENCY= 60 CPS 1 

- choke(l;input to filter: 

L=4 HENRIES (MIN.) 
-“{.CAPACITOR (C) INPUT TO FILTE 

, tot.effect.plate-suppi 

1 IMPEDANCE PER PLATE= 

“ 2 .■ 




□ 


100 

OHL 




id 


9 p L 

53 






— 


§ 


r?_ 








c5 

bit. 



U 







a 


DC OUTPUT VOLTS > 

— to <j 

o o c 

o o o c 


30 

0_ 






4 









» — 


































_ 










0 50 100 150- 200 

DC LOAD MILLIAMPERES 

92CM-6090T2 


Refer to chart at end of section. 


5V6GT 


Refer to chart at end of section. 


5W4 

5W4GT 


Refer to chart at end of section. 


5X4G 
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5X8 

5Y3G 

5Y3GA 


Refer to type 6X8A. 

For replacement use type 5Y3GT. 


5Y3GT 


FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supplies of radio and 
television equipment having moderate dc requirements. 
Outlines section, 13E; requires octal socket. Vertical 
mounting is preferred, but horizontal mounting is per¬ 
missible if pins 2 and 8 are in horizontal plane. It is 
especially important that this tube, like other power¬ 
handling tubes, be adequately ventilated. For discussion 
of Rating Chart and Operating Characteristics, refer 
Tube Data. Filament: volts (ac), 5; amperes, 2. 



to Interpretation of 


Full-Wave Rectifier 

MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current (Per Plate) . 

Hot-Switching Transient Plate Current (Per Plate) . . . 

AC Plate Supply Voltage (Per Plate, rms) . 

DC Output Current (Per Plate) ... 


1400 volts 

440 mA 

2.5 amperes 

See Rating Chart 
See Rating Chart 


TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 


AC Plate-to-Plate Supply Voltage (rms) ... 

Filter Input Capacitor* . 

Effective Plate-Supply Impedance per Plate 
DC Output Voltage at Input to Filter (Approx.) : 

At half-load current of * 62 ‘ 5 mA 


At full-load current of 


42 mA 
125 mA 
84 mA 


Voltage Regulation (Approx.) : 
Half-load to full-load current 


700 

20 

50 

390 

360 

40 


TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 


AC Plate-to-Plate Supply Voltage (rms) . 700 

Filter Input Choke# . 10 


DC Output Voltage at Input to Filter (Approx.) : 

At half-load current of { 6 J| . 2 ™ 

At full-load current of j jjj? . 2 ^ 

Voltage Regulation (Approx.) : 

Half-load to full-load current . 25 


1000 

10 

140 

610 

560 

50 

1000 

10 

405 

380 

15 


volts 

tiF 

ohms 

volts 

volts 

volts 

volts 

volts 


volts 

henries 

volts 

volts 

volts 

volts 

volts 


RATING CHART 



0 100 200 300 400 500 


AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

92CS-7396T2 
























Technical Data 


153 


* Higher values of capacitance than indicated may be used but the effective plate supply 
impedance may have to be increased to prevent exceeding the maximum rating for hot- 
switching transient plate current. 

# This value is adequate to maintain optimum regulation in the region to the right of 
line L = 10H on curve OPERATION CHARACTERISTICS with Choke Input to Filter, 
provided the load currents are not less than 35 mA and 50 mA, respectively, for plate-to- 
plate supply voltages of 700 and 1000 volts (rms). 

OPERATION CHARACTERISTICS 

FULL-WAVE CIRCUIT CAPACITOR INPUT TO FILTER 


TYPE 5Y3GT 


E .p = 5.0 VOLTS AC 
FILTER-INPUT CAPACITOR 
-= 10/if 

TOTAL EFFECT. PLATE- 
SUPPLY IMPEDANCE PER 
f50 OHMS FOR 
i CURVES 1-5 

1 140 OHMS FOR 
l CURVES 6-8 



OPERATION CHARACTERISTICS 

FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER 


TYPE 5Y3GT 


E^ = 5.0 VOLTS AC 

-CHOKES OF INFINITE 

INDUCTANCE 
-CHOKES OF VALUES 
SHOWN 

-BOUNDARY LINE FOR - 

CHOKE VALUES SHOWN | 
CEK=SEE RATING 
CHART 


O 200 


40 80 120 160 

DC LOAD MIL LI AMPERES 

92CM-7395T 


Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 5Y3GT. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 



40 80 120 I6C 

DC LOAD MILLIAMPERES 

92CM-7394T 


5Y4G 

5Y4GA 

5Y4GT 

5Z3 


5Z4 

6A3 

6A6 

6A7 

6A7S 

6A8 

6A8G 

6A8GT 
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6AB4 HIGH-MU TRIODE 

Miniature type used as cathode-drive amplifier, fre¬ 
quency converter, or oscillator at frequencies up to 
3G0 MHz in television and FM receivers. Outlines sec¬ 
tion, 5C; requires miniature 7-contact socket. Heater: 
volts (ac/dc), 6.3; amperes, 0.15. For operation as re¬ 
sistance-coupled amplier, refer to Resistance-Coupled 
Amplifier section. For maximum ratings, characteris¬ 
tics, and curves refer to type 12AT7. 



6AB5/6N5 
6AB7 
6AC5GT 
6AC 7 
6AC7W 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 


6AC10 

8AC10, 12AC10A HIGH-MU TRIPLE TRIODE 

Duodecar type used in matrixing (color-difference) 
circuits of color television receivers. Outlines section, 
8B; requires duodecar 12-contact socket. Types 8AC10 
and 12AC10A are identical with type 6AC10 except for 
heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value .. 

Average value . 


6AC10 8AC10 12AC10A 

6.3 8.4 12.5 

0.6 0.45 0.3 

11 11 11 

±200 max ±200 max ±200 max 

100 max 100 max 100 max 


volts 

ampere 

seconds 

volts 

volts 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Plate Dissipation . 2 watts 

CHARACTERISTICS 

Plate Voltage . 200 volts 

Cathode-Bias Resistor . 150 ohms 

Amplification Factor . 62 

Plate Resistance (Approx.) . 10700 ohms 

Transconductance . 5800 jimhos 

Plate Current . 9 mA 

Grid Voltage (approx.) for plate current of 100 jiA . —5 volts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 0.5 megohm 


6AD6G 

6AD7G 


Refer to chart at end of section. 
Refer to chart at end of section. 


6AD10 


BEAM POWER TUBE— 
SHARP-CUTOFF PENTODE 


Duodecar type used as FM detector and audio-fre¬ 
quency output amplifier in color and black-and-white 
television receivers. Outlines section, 8B; requires 
duodecar 12-contact socket. 


®2p Pp 



H H 


12EZ 
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Heater Voltage (ac/dc) . 6.3 volts 

Heater Current. 1.05 amperes 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances: 

Beam Power Unit: 

Grid No.l to Plate . 0.26 pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 11 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 11 pF 

Pentode Unit: 

Grid No.l to Plate . 0.024 pF 

Grid No.3 to Plate . 3.4 pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 8 pF 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate, 

and Internal Shield . 9.5 pF 

Grid No.l to Grid No.3 . 0.12 pF 

Plate of Beam Power Unit to Plate of Pentode Unit . 0.34 pF 

Beam Power Unit as Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 275 volts 

Grid-No.2 (Screen-Grid) Voltage . 275 volts 

Plate Dissipation . 10 watts 

Grid-No.2 Input . 2 watts 

TYPICAL OPERATION 

Plate Voltage . 250 volts 

Grid-No.2 Voltage . 250 volts 

Grid-No. 1 (Control-Grid) Voltage . —8 volts 

Peak AF Grid-No. 1 Voltage . 8 volts 

Zero-Signal Plate Current . 35 mA 

Maximum-Signal Plate Current . 39 mA 

Zero-Signal Grid-No.2 Current . 2.5 mA 

Maximum-Signal Grid-No.2 Current . 7 mA 

Plate Resistance (Approx.) . 0.1 megohm 

Transconductance . 6500 /tmhos 

Load Resistance . 5000 ohms 

Total Harmonic Distortion . 10 per cent 

Maximum-Signal Power Output . 4.2 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 0.5 megohm 


Pentode Unit as Class A, Amplifier 

CHARACTERISTICS 


Plate Supply Voltage . 

Grid No.3 (Control Grid) . 

Grid-No.2 (Screen-Grid) Voltage .... 

Grid No.l (Control Grid) . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance, Grid No.l to Plate 
Transconductance, Grid No.3 to Plate 

Plate Current . 

Grid-No.2 Current . 


. 150 volts 

Connected to negative end of cathode resistor 

. 100 volts 

Connected to negative end of cathode resistor 

. 180 ohms 

. 0.11 megohm 

. 3400 /tmhos 

. 600 /tmhos 

. 3.2 mA 

. 3.2 mA 


Grid-No.l Voltage (Approx.) for plate current of 20 fiA . —4.5 volts 

Grid-No.3 Voltage (Approx.) for plate current of 20 /tA . —7 volts 


Pentode Unit as FM Sound Detector 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 300 volts 

Grid-No.3 Voltage: 

Negative-bias value . 100 volts 

Positive-bias value . 25 volts 

Grid-No.2 Supply Voltage . 300 volts 

Grid-No.2 Voltage . 

Grid-No.l Voltage: See curve page 300 

Negative-bias value . —50 volts 

Positive-bias value . 0 volts 

Plate Dissipation . 1.7 watts 

Grid-No.3 Input . 0.1 watt 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 1 watt 

For grid-No.2 voltages between 150 and 300 volts . See curve page 300 
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MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance . 0.68 megohm 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation .. 0.22 megohm 

For cathode-bias operation . 0.47 megohm 


6AE5GT 

6AE6G 

6AE7GT 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 


6AF3 

12AF3, 

12AF3/ 12BR3/ 12RK19 


HALF-WAVE 
VACUUM RECTIFIER 


Miniature type used as a damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec¬ 
tion, 7C; requires miniature 9-contact socket. Socket 
terminals 1, 2, 3, 6, 7, and B should not be used as tie 
points. It is especially important that this tube, like 
other power-handling tubes, be adequately ventilated. 
Types 12AF3 and 12AF3/12BR3/12RK19 are identical 
with type 6AF3 except for heater ratings. 


H 



1C 

1C 


Heater 

Voltage 

(ac/dc) . 

6AF3 12AF3 

12AF3/12BR3/ 

12RK19 

. 6.3 12.6 

volts 

Heater 

Current 

. 1.2 0.6 

amperes 

Heater 

Warm-up 

Time (Average) . 

. — 11 

seconds 


Damper Service 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 4500 

Peak Plate Current . 750 

Average Plate Current . 185 

Bulb Temperature (At hottest point) . 210 

Heater-Cathode Voltage: 

Peak value ... -{-300 —4500 

Average value . -f-100 —1000 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 


volts 

mA 

mA 

°C 

volts 

volts 

microseconds). 


6AF4 

6AF4A 

2AF4B/2DZ4, 

3AF4A/3DZ4 


MEDIUM-MU TRIODE 


Miniature types used as local oscillators in uhf tele¬ 
vision receivers covering the frequency range of 470 
to 890 MHz. Outlines section, 5C and 5B, respectively; 
requires miniature 7-contact socket. Types 2AF4B/2DZ4 and 3AF4A/3DZ4 
are identical with type 6AF4A except for heater and heater-cathode ratings. 




2AF4B/ 

3AF4A/ 

6AF4 



2DZ4 

3DZ4 

6AF4A 


Heater Voltage (ac/dc) . 

. 2.35 

3.15 

6.3 

volts 

Heater Current . 

. 0.6 

0.45 

0.225 

ampere 

Heater Warm-up Time (Average) . 

. 11 

11 

— 

seconds 

Heater-Cathode Voltage: 





Peak value . 


±50 max 

±50 max 

volts 

Average value . 


25 max 

25 max 

volts 

Direct Interelectrode Capacitances : • 





Grid to Plate . 



1.9 

pF 

Grid to Cathode and Heater. 



2.2 

PF 

Plate to Cathode and Heater . 



1.4 

pF 

Heater to Cathode (External Shield 

connected to plate) 


2.2 

PF 


• With external shield connected to cathode, except as noted. 
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Class Ai Amplifier 

CHARACTERISTICS 

Plate Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

UHF Oscillator 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, Negative-bias value . 

Grid Current . 

Plate Dissipation . 

Average Cathode Current . 

TYPICAL OPERATION AS OSILLATOR AT 1000 MHz 

Plate Supply Voltage . 

Plate Resistor . 

Grid Resistor . 

Plate Current . 

Grid Current (Approx.) . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


80 volts 

150 ohms 

13.5 

2100 ohms 

6500 /zmhos 

17.5 mA 


150 volts 

50 volts 

2 mA 

2.5 watts 

24 mA 


100 volts 

220 ohms 

10000 ohms 

17 mA 

750 fiA 


Not recommended 
0.5 megohm 



PLATE VOLTS 92CS-7756TI 


ELECTRON-RAY TUBE 


6AF6G 


Glass octal type used to indicate visually, by means of 
RCb 1^""“ •—two shadows on the fluorescent target, the effects of 
changes in the controlling voltages. It is a twin-indi- 
H cator type and is used as a convenient means of indi- 
nc^ eating accurate radio-receiver tuning. This type may 

7AG be supplied with pin No. 1 omitted. Tube requires octal 

socket. Heater: volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indi¬ 
cator service: fluorescent-target volts, 250 max, 125 min; ray-control- 
electrode supply volts, 250 max; peak heater-cathode volts, 90 max. Typical 
operation: fluorescent-target volts, 250; fluorescent-target mA, 3.75; ray- 
contact-electrode volts (approx, for 0° shadow angle), 155; ray-control- 
electrode volts (approx, for 100° shadow angle), 0. 
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6AF9 DUAL PENTODE 

11AF9 

Miniature type used in television receiver applications. 
Unit No.l is used as a video output pentode, and unit 
No.2 as a sound if amplifier, age amplifier, or sync 
separator. Outlines section, 6L, except has 10-pin base; 
requires miniature 10-contact socket. Type 11AF9 is 
identical with type 6AF9 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances: 

Plate to All Other Electrodes (except grid No.l) 
Grid No.l to All Other Electrodes (except plate) 

Plate to Grid No.l . 

Grid No.l to Heater . 

Plate of Unit No.l to Plate of Unit No. 2 . 

Grid No.l of Unit No.l to Grid No.l of Unit 

No. 2 . 

Plate of Unit No.l to Grid No.l of Unit No.2 . . . 
Plate of Unit No.2 to Grid No.l of Unit No.l . . 


6AF9 

11AF9 


6.3 

11.5 

volts 

0.85 

0.45 

ampere 

±200 max 

±200 max 

volts 

Unit No.l 

Unit No.2 


7 

11 

pF 

12 

10 

PF 

0.105 

0.140 

pF 

— 

0.140 

pF 

0.150 max 

pF 

0.010 max 

pF 

0.100 max 

pF 

0.005 max 

pF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage. 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 

Mu Factor, Grid No.l to Grid No.2 . 

Internal Resistance . 

Transconductance . 

Plate Current .. 

Grid-No.2 Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance . 


Unit No.l 

550 

250 

550 

250 

60 

5.1 

2.5 


170 

170 

— 2.6 

38 

0.032 

22000 

30 

7.2 


1 


Unit No.2 

550 

250 

550 

250 

15 

1.5 

0.5 


150 

150 

— 2.1 

38 

0.16 

8500 

10 

3 


1 


volts 

volts 

volts 

volts 

mA 

watts 

watts 


volts 

volts 

volts 

megohm 

/imhos 

mA 

mA 


megohm 


6AF11 

15AF11 


DUAL TRIODE— 
SHARP-CUTOFF PENTODE 


Duodecar type used in television receiver applications. 
The high-mu triode unit is used for age keyer service, 
the medium-mu triode unit for sync separator service, 
and the pentode unit for video amplifier service. Out¬ 
lines section, 8C; requires duodecar 12-contact socket. 
Type 15AF11 is identical with type 6AF11 except for 
heater ratings. 


r _ k T2 

®T| IS 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6AF11 15AF11 

6.3 14.7 volts 

1.05 0.45 amperes 

— 11 seconds 

±200 max ±200 max volts 

100 max 100 max volts 
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Class A t Amplifier 


Triode Triode Pentode 

MAXIMUM RATINGS (Design-Maximum Values) Unit No.l Unit No.2 Unit 


Plate Voltage . 

330 

330 

330 

volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 

_ 

_ 

330 

volts 

Grid-No.2 Voltage . 

— 

— 

See curve 

page 300 

Grid-No.l (Control-Grid) Voltage, Positive- 

bias value . 

0 

0 

0 

volts 

Plate Dissipation . 

1.1 

2 

5 

watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 



1.25 

watts 

For grid-No.2 voltages between 165 and 330 
volts . 

_ 

_ 

See curve 

page 300 

CHARACTERISTICS 

Plate Supply Voltage . 

200 

200 

250 

volts 

Grid-No.2 Supply Voltage . 

— 

— 

150 

volts 

Grid-No.l Voltage . 

—2 

— 

_ 

volts 

Cathode-Bias Resistor . 

— 

220 

100 

ohms 

Amplification Factor . 

68 

41 

— 


Plate Resistance (Approx.) . 

12400 

9400 

68000 

ohms 

Transconductance . 

5500 

4400 

11000 

/imhos 

Plate Current . 

7 

9.2 

24 

mA 

Grid-No.2 Current . 

— 

— 

4.8 

mA 

Grid-No.l Voltage (Approx.) for plate current 
of 100 fiA . 

— 

—6.5 

—10 

volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

0.5 

0.5 

0.25 

megohm 

For cathode-bias operation . 

1 

1 

1 

megohm 



7BD 


SHARP-CUTOFF PENTODE 6AG5 

Miniature type used in compact radio equipment as an 
rf or if amplifier up to 400 MHz. Outlines section, 5C; 
requires miniature 7-contact socket. For typical opera¬ 
tion as a resistance-coupled amplifier, refer to Resist¬ 
ance-Coupled Amplifier section. 


Heater Voltage (ac/dc) . 

Heater Current . 

Direct Interelectrode Capacitances: 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Triode Unit: 

Grid No.l to Plate and Grid No.2 . 

Grid No.l to Cathode, Heater, Grid No.3, and Internal Shield 
Grid No.2 to Cathode, Heater, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.3, and Internal Shield . 


6.3 

volts 

0.3 

ampere 

.030 max 

PF 

6.5 

pF 

1.8 

pF 

2.5 

pF 

3.6 

pF 

3 

pF 

3 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 


Triode Pentode 

Connection* Connection 



300 


300 


volts 


— 


300 


volts 


— 


See 

curve 

page 300 


0 


0 


volts 


2.5 


2 


watts 


_ 


0.5 


watt 


— 


See 

curve 

page 300 

180 

250 

100 

125 

250 

volts 

— 

— 

100 

125 

150 

volts 

330 

820 

180 

100 

180 

ohms 

45 

42 

— 

—- 

— 


0.008 

0.01 

0.6 

0.5 

0.8 

megohm 

5700 

3800 

4500 

5100 5000 

/imhos 

7 

5.5 

4.5 

7.2 

6.5 

mA 
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Triode Pentode 

Connection* Connection 

Grid-No.2 Current . — — 1.4 2.1 2 mA 

Grid-No.l Voltage (Approx.) for plate current of 

10 /jlA . — — —5 —6 —8 volts 

* Grid No.2 connected to plate. 


POWER PENTODE 

Metal type used in output stage of video amplifier of 
color and black-and-white television receivers. Outlines 
section, 2B; requires octal socket. 



8Y 


Heater Voltage (ac/dc) . 

Heater Current .;. 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances :• 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, Shell, 

and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, Shell, 

and Internal Shield .. 

• Pins 1 and 3 connected to Pin No.5. 


6.3 

volts 

0.65 

ampere 

±90 max 

volts 

0.06 max 

pF 

13 

pF 

7.5 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage, Positive-bias value . 

Plate Dissipation ... 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid No.3 (Suppressor Grid) .'. 

Grid-No.2 (Screen-Grid) Voltage .. 

Grid-No.l (Control-Grid) Voltage . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Plate Resistance . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation .. 


300 

volts 

300 

volts 

0 

volts 

9 

watts 

1.5 

watts 

300 

volts 

to cathode 

at socket 

150 

volts 

—3 

volts 

3 

volts 

30 

mA 

30.5 

mA 

7 

mA 

9 

mA 

0.13 

megohm 

11000 

/x mhos 

10000 

ohms 

7 

per cent 

3 

watts 

0.25 

megohm 

1 

megohm 


6AG7Y 


Refer to chart at end of section. 


6AG9 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


Duodecar type with frame grid pentode unit used in 
color and black-and-white television receiver applica¬ 
tions. The pentode unit is used as a video amplifier; the 
triode unit is used as an age amplifier. Outlines section, 
8C; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.82; maximum heater-cathode 
volts, ±200 peak, 100 average. 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias 

value . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.1 Voltage . 

Cathode-Bias Resistor . 

Amplification Factor. 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.1 Voltage (Approx.) for plate current of 

20 fiA . 

Grid-No. 1 Voltage (Approx.) for plate current of 

100 ii A. 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


330 

330 

volts 

— 

200 

volts 

0 

0 

volts 

1.1 

10 

watts 

— 

1.5 

watts 

150 

55 250 

volts 

— 

125 150 

volts 

— 

0 — 

volts 

350 

— 66 

ohms 

39 

— — 


8500 

— 40000 

ohms 

4600 

— 30000 

jumhos 

6.2 

56 28 

mA 

— 

21 5.6 

mA 

—7 

— — 

volts 

— 

-5.4 

volts 


0.5 

0.1 

megohm 

1 

0.25 

megohm 


Refer to chart at end of section. 


6AG11 


Refer to chart at end of section. 


6AH4GT 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
For replacement use type 6AK5/EF95. 


6AH6 

6AH9 

6AJ8/ECH81 

6AK5 



7BD 


SHARP-CUTOFF PENTODE 6AK5/ 

EF95 

Miniature types used as rf or if amplifiers especially 
in high-frequency wide-band applications at frequen¬ 
cies up to 400 MHz. Outlines section, 5B; require min¬ 
iature 7-contact socket. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.176 ampere 

Peak Heater-Cathode Voltage . ±90 max volts 

Direct Interelectrode Capacitances (Approx.) :■ 

Grid No.l to Plate . 0.02 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 4 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 2.8 pF 

■ With external shield connected to pin 2 or 7. 

Class At Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 180 volts 

Grid-No.2 (Screen-Grid) Voltage . See curve page 300 

Grid-No.2 Supply Voltage . 180 volts 

Grid-No. 1 Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 1.7 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts . 0.6 watt 

For grid-No.2 voltages between 90 and 180 volts . See curve page 300 

Cathode Current . 18 mA 
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CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor .. 

Plate Resistance t,Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current ... 

Grid-No.1 Voltage for plate current of 10 /iA 


6AK6 

INDUSTRIAL 

TYPE 


POWER AMPLIFIER PENTODE 


120 

180 

volts 

120 

120 

volts 

180 

180 

ohms 

0.3 

0.5 

megohm 

5000 

5100 

/rnihos 

7.5 

7.7 

mA 

2.5 

2.4 

mA 

—8.5 

—8.5 

volts 


H (4 

) a y 

JTODE 

H ®( 



g 3 (5m 

>AI)k 


iuiuiavui V VJ XVI WVV M-V Vi Vf v*v — 

compact equipment. Outlines section, 5C; requires minia¬ 
ture 7-contact socket. 


7BK 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Input . 

Output . 


A-F Power Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Screen Voltage (Grid No. 2) . 

Plate Dissipation . 

Screen Dissipation . 

CHARACTERISTICS AND TYPICAL OPERATION 

Plate Voltage . 

Suppressor (Grid No. 3) . 

Screen Voltage . 

Grid Voltage (Grid No. 1) .. 

Peak A-F Grid Voltage . 

Zero-Signal Plate Current . 

Zero-Signal Screen Current . 

Plate Resistance . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Max.-Sig. Power Output . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


6.3 volts 

0.15 ampere 

100 max volts 

0.12 pF 

3.6 pF 

4.2 pF 


300 volts 

250 volts 

2.75 watts 

0.75 watt 


. 180 volts 

Connected to cathode at socket 

. 180 volts 

. —9 volts 

. 9 volts 

. 15 mA 

. 2.5 mA 


0.2 

2300 

10000 

10 

1.1 


megohm 
fim hos 
ohms 
% 
watts 


0.1 megohm 

0.5 megohm 


6AK8/EABC80 

6AK10 


Refer to chart at end of section. 
Refer to chart at end of section. 


6AL3 


Refer to chart at end of section. 


6AL3/EY88 


HALF-WAVE 
VACUUM RECTIFIER 


Miniature type used as damper tube in horizontal-de¬ 
flection circuits of black-and-white television receivers. 
Outlines section, 7D; requires miniature 9-contact 
socket. Socket terminals 1, 2, 3, 6, 7, and 8 should not 
be used as tie points. It is especially important that 
this tube, like other power-handling tubes, be ade¬ 
quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
1.55. 
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Damper Service 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage# (Absolute maximum) . 7500° volts 

Peak Plate Current . 550 mA 

Average Plate Current . 220 mA 

Plate Dissipation . 6 watts 

Peak Heater-Cathode Voltage . 6600 volts 


° Under no circumstances should this absolute value be exceeded. 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6AL5 

TWIN DIODE 3AL5, 12AL5 

Miniature, high-perveance type used as detector in FM 
and television circuits, especially as a ratio detector in 
ac-operated FM receivers. Each diode section can be 
used independently of the other, or the two sections 
can be combined in parallel or full-wave arrangement. 
Resonant frequency of each unit is approximately 700 
MHz. Outlines section, 5B; requires miniature 7-contact socket. Types 3AL5 
and 12AL5 are identical with type 6AL5 except for heater ratings. 



3AL5 6AL5 

Heater Voltage (ac/dc) . 3.15 6.3 

Heater Current . 0.6 0.3 

Heater Warm-up Time (Average) . 11 — 

Peak Heater-Cathode Voltage. ±330 max ±330 max 


Direct Interelectrode Capacitances: 

Plate No.l to Cathode No.l, Heater, and Internal Shield . 

Plate No.2 to Cathode No.2, Heater, and Internal Shield . 

Cathode No.l to Plate No.l, Heater, and Internal Shield . 

Cathode No.2 to Plate No.2, Heater, and Internal Shield . 

Plate No.l to Plate No.2 . 


12AL5 

12.6 

0.15 

±330 max 


2.5 


3.4 

3.4 

0.068 max 


Half-Wave Rectifier 


MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 330 

Peak Plate Current (Per Plate) . 54 

Average Output Current (Per Plate) . 9 

TYPICAL OPERATION 

AC Plate Voltage per Plate (rms) . 117 

Min. Total Effective Plate-Supply Impedance per Plate . 300 

Average Output Current per Plate . 9 


volts 

ampere 

seconds 

volts 


PF 

PF 

PF 

PF 

PF 


volts 

mA 

mA 


volts 

ohms 

mA 


Refer to chart at end of section. 


6AL7GT 



^G3 B 0 BEAM POWER TUBE— 6AL11 
SHARP-CUTOFF PENTODE ioalii, ualu 

Kio)g 2b Duodecar type used as FM detector and audio-fre- 
^n) p quency output amplifier in television receivers. Outlines 
[ O (i2) 8 section, 8C; requires duodecar 12-contact socket. Types 

H 10AL11 and 12ALII are identical with type 6AL11 ex- 
12BU cept for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6AL11 IOALII 12AL11 

6.3 9.8 12.6 volts 

0.9 0.6 0.45 ampere 

— 11 11 seconds 

±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 
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Direct Interelectrode Capacitance: 

Beam Power Unit: 

Grid No.l to Plate . 0.26 pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 11 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 12 pF 

Pentode Unit: 

Grid No.l to Plate . 0.034 pF 

Grid No.3 to Plate . 3.2 pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 6.5 pF 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, 

Plate, and Internal Shield . 7.5 pF 

Grid No.l to Grid No.3 . 0.24 pF 

Pentode Plate to Beam Power Plate . 0.12 pF 

Beam Power Unit as Class A x Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 275 volts 

Grid-No.2 (Screen-Grid) Voltage . 275 volts 

Plate Dissipation . 10 watts 

Grid-No.2 Input . 2 watts 

TYPICAL OPERATION 

Plate Voltage . 250 volts 

Grid-No.2 Voltage . 250 volts 

Grid-No. 1 (Control-Grid) Voltage . —8 volts 

Peak AF Grid-No.l Voltage . 8 volts 

Zero-Signal Plate Current . 35 mA 

Maximum-Signal Plate Current . 39 mA 

Zero-Signal Grid-No.2 Current . 2.5 mA 

Maximum-Signal Grid-No.2 Current . 7 mA 

Plate Resistance (Approx.) . 0.1 megohm 

Transconductance . 6500 /imhos 

Load Resistance . 5000 ohms 

Total Harmonic Distortion . 10 per cent 

Maximum-Signal Power Output . 4.2 watts 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 0.5 megohm 

Pentode Unit as Class A t Amplifier 

CHARACTERISTICS 

Plate Supply Voltage . 150 volts 

Grid-No.3 (Suppressor-Grid) Voltage . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 100 volts 

Cathode-Bias Resistor . 560 ohms 

Plate Resistance (Approx.) . 0.15 megohm 

Transconductance, Grid No.l to Plate . 1000 /imhos 

Transconductance : Grid No.3 to Plate . 400 /imhos 

Plate Current . 1.3 mA 

Grid-No.2 Current . 2.1 mA 

Grid-No.l Voltage (Approx.) for plate current of 30 /iA . —4.5 volts 

Grid-No.3 Voltage (Approx.) for plate current of 50 /iA . —4.5 volts 

Pentode Unit as FM Detector 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 Voltage . 28 volts 

Grid-No.2 Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 1.7 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 1.1 watts 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 


6AM4 Refer to chart at end of section. 


6AM6/EF91 


Refer to chart at end of section. 
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Refer to chart at end of section. 


6AM8 



9CY 


DIODE— 6AM8A 

SHARP-CUTOFF PENTODE 5AM8 

Miniature type used in television receiver applications. 
The pentode unit is used as an if amplifier, video am¬ 
plifier, or age amplifier. The high-perveance diode is 
used as an audio detector, video detector, or dc re¬ 
storer. Outlines section, 6B; requires miniature 9-con¬ 
tact socket. Type 5AM8 is identical with type 6AM8A 
except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


5AM8 

6AM8A 


4.7 

6.3 

volts 

0.6 

0.45 

ampere 

100 max 

100 max 

volts 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 


Direct Interelectrode Capacitances: 

Diode Unit: 

Plate to Cathode and Heater . 1.8 pF 

Cathode to Plate and Heater . 3 pF 

Pentode Unit: 

Grid No.l to Plate . 0.015 pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3 and 

Internal Shield . 6.5 pF 

Plate to Cathode, Heater, Grid No.2, Gi*id No.3, and 

Internal Shield . 2.6 pF 

Pentode Grid No.l to Diode Plate . 0.006 pF 

Pentode Plate to Diode Cathode . 0.15 pF 

Pentode Plate to Diode Piate . 0.1 pF 

Pentode Unit as Class A L Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 3.2 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.55 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 20 n A 
Grid-No.l Voltage (Approx.) for plate current of 2 mA . 


. 125 volts 

Connected to cathode at socket 

. 125 volts 

. 56 ohms 

. 0.3 megohm 

. 7800 wmhos 

. 12.5 mA 

. 3.2 mA 

. —6 volts 

. —3 volts 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 1 megohm 


Diode Unit 


5 mA 


MAXIMUM RATING (Design-Maximum Value) 

Average Plate Current . 
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CM 

I £ 


TYPE 6AM8A PENTODE UNIT 
GRID No. 3 AND INTERNAL SHIELD 
- CONNECTED TO CATHODE AT SOCKET. - 
GRID-N<x2 VOLTS * 150 



0 50 100 150 200 250 300 

PLATE VOLTS 92CS-8505T2 


6AN4 


Refer to chart at end of section. 


6AN5 Refer to chart at end of section. 

6AN8 Refer to chart at end of section. 


6AN8A MEDIUM-MU TRIODE— 
5ANS SHARP-CUTOFF PENTODE 

Miniature type used in color television receiver ap¬ 
plications. The pentode unit is used as an intermediate- 
frequency amplifier, a video amplifier, an age amplifier, 
or a reactance tube. The triode unit is used in low- 
frequency oscillator, sync-separator, sync-clipper, and 
phase-splitter circuits. Outlines section, 6B; requires 
miniature 9-contact socket. Type 5AN8 is identical 
with 6AN8A except for heater ratings. 


H 



9DA 


5AN8 6AN8A 

Heater Voltage (ac/dc) . 4.7 6.3 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 1.5 

Grid to Cathode and Heater . 2 

Plate to Cathode and Heater . 0.26 

Pentode Unit: 

Grid No.l to Plate . 0.04 max 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 7 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 2.4 

Triode Grid to Pentode Plate . 0.02 

Pentode Grid No.l to Triode Plate . 0.02 

Pentode Plate to Triode Plate . 0.15 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

pF 


PF 

pF 

pF 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Triode Unit 
330 

Pentode Unit 

330 

volts 

Grid-No.2 Supply Voltage . 

.— 

330 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

— See 
0 

curve page 300 
0 

volts 

Plate Dissipation . 

2.8 

2.3 

watts 
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Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No. 1 Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No. 1 Voltage (Approx.) for plate current of 

20 fiA . 

Grid-No.l Voltage (Appi-ox.) for plate current of 
1.6 raA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance :* 

For fixed-bias operation . 

For cathode-bias operation . 


— 

0.55 

watt 

— 

See curve page 

300 

150 

125 

volts 

— 

125 

volts 

—3 

— 

volts 

— 

56 

ohms 

21 

— 


4700 

170000 

ohms 

4500 

7800 

Atmhos 

15 

12 

mA 

— 

3.8 

mA 

—17 

—6 

volts 

— 

—3 

volts 

0.5 

0.25 

megohm 

1 

1 

megohm 


* If either unit is operating at maximum rated conditions, grid-No. 1-circuit resistance for 
both units should not exceed the stated values. 


TYPE 6AN8A PENTODE UNIT 
GRID-No.2 VOLTS = 150 

7 I ECI»0 I 1 ' i 


TYPE 6AN8A 
TRIODE UNIT 





100 200 300 

PLATE VOLTS 


100 200 300 

PLATE VOLTS 


400 

92CS-8209T 


Refer to chart at end of section. 


6AQ5 


P BEAM POWER TUBE 6AQ5A 

02 5AQ5, 12AQ5 

Miniature type used as output amplifier primarily in 
G| automobile receivers and in ac-operated receivers and, 
triode-connected, as a vertical-deflection amplifier in 
television receivers. Outlines section, 5D; requires 
7BZ miniature 7-contact socket. Within its maximum rat¬ 

ings, the performance of this type is equivalent to that of larger types 6V6 
and 6V6GTA. Types 5AQ5 snd 12AQ5 are identical with type 6AQ5A 
except for heater ratings. 


Heater Voltage (ac/dc) . 4.7 

Heater Current . 0.6 0 

Heater Warm-up Time (Average) . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±2 

Average value . 100 max 1 

Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 


±200 max ±200 max ±200 max 
100 max 100 max 100 max 
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Class At Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 275 

Grid-No.2 (Screen-Grid) Voltage . 275 

Plate Dissipation . 12 

Grid-No.2 Input .. 2 

Bulb Temperature (At hottest point) . 250 

CHARACTERISTICS (Triode Connection) 

Plate Voltage . 250 

Grid-No. 1 Voltage . —12.5 

Amplification Factor . 9.5 

Plate Resistance (Approx.) . 1970 

Transconductance . 4800 

Plate Current . 49.5 

Grid-No.l Voltage (Approx.) for plate current of 0.5 mA . —37 


TYPICAL OPERATION 

Same as for type 6V6GTA within the limitations of the maximum ratings. 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


volts 

volts 

watts 

watts 

°C 


volts 

volts 

ohms 

/mihos 

mA 

volts 


megohm 

megohm 


Vertical Deflection Amplifier (Triode Connection) 0 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 275 

Peak Positive-Pulse Plate Voltage# . 1100 

Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage . 275 

Peak Cathode Current . 115 

Average Cathode Current . 40 

Plate Dissipation . 10 

Bulb Temperature (At hottest point) . 250 


volts 

volts 

volts 

mA 

mA 

watts 

°C 


MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance, for cathode-bias operation . 2.2 megohms 

° Grid No.2 connected to plate. 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 



6AQ6 

6AQ7GT 

6AQ8 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
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9AJ 


HIGH-MU TWIN TRIODE 

Miniature types used as rf amplifier and self-oscillat¬ 
ing mixer in FM/AM radio receivers. Outlines section, 
6B; requires miniature 9-contact socket. 


6AQ8/ 

ECC85 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances: 

Grid to Plate . 

Cathode to Plate . 

Grid to Cathode, Heater, and Internal Shield . . 
Plate to Cathode, Heater, and Internal Shield . . 

Plate to Grid of Other Unit . 

Plate to Cathode of Other Unit . 

Grid to Cathode of Other Unit . 

Plate of Unit No.l to Plate of Unit No.2 .... 
Grid of Unit No.l to Grid of Unit No.2 . 



6.3 

volts 


0.435 

ampere 


±90 max 

volts 

ait No.l 

Unit No.2 


1.5 

1.5 

pF 

0.18 

0.18 

pF 

3 

3 

pF 

1.2 

1.2 

pF 

0.008 max 

0.008 max 

pF 

0.008 max 

0.008 max 

pF 

0.003 max 

0.003 max 

pF 


0.04 max 

PF 


0.003 max 

pF 


Class A! Amplifier 

MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 


Plate Supply Voltage . 550 volts 

Plate Voltage . 300 volts 

Grid Voltage, Negative-bias value . 100 volts 

Cathode Current . 15 mA 

Plate Dissipation: 

For either plate . 2.5 watts 

For both plates with both units operating . 4.5 watts 

CHARACTERISTICS 

Plate Voltage . 250 volts 

Grid Voltage, Negative-bias value . 2.3 volts 

Plate Current . 10 mA 

Transconductance . 5900 jumhos 

Amplification Factor . 57 


TYPICAL OPERATION (Each Unit) 

Plate Supply Voltage . 

Plate Voltage . 

Plate Resistor . 

Grid Resistor . 

Grid Voltage . 

RMS Oscillator Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Conversion Transconductance . 

Input Resistance at frequency of 100 MHz 

Plate Current . 

Equivalent Noise Resistance . 

MAXIMUM CIRCUIT VALUES (Each Unit) 

Grid-Circuit Resistance . 

Resistance between Cathode and Heater. . . . 


RF 

Amplifier 

Converter 


250 

250 

volts 

230 

— 

volts 

1800 

12000 

ohms 

— 

1 

megohm 

—2 

— 

volts 

— 

3 

volts 

200 

— 

ohms 

9700 

22000 

ohms 

6000 

— 

/im hos 

— 

2300 

/imhos 

6000 

15000 

ohms 

10 

5.2 

mA 

500 

— 

ohms 


1 

megohm 


20000 

ohms 


Refer to chart at end of section. 6AR5 

Refer to chart at end of section. 6AR8 
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6AR11 

8AR11, 11AR11 


SEMIREMOTE-CUTOFF 
TWIN PENTODE 


Duodecar type used as if-amplifier tube in television 
receivers. Outlines section, 8A; requires duodecar 12- 
contact-socket. Types 8AR11 and 11AR11 are identical 
with type 6AR11 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2 

No. 3, and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid 

and Internal Shield . 

Grid No.l to Plate of Other Unit . 

Plate of Unit No.l to Plate of Unit No.2 


6AR11 

8AR11 

11AR11 


6.3 

8.4 

11.2 

volts 

0.8 

0.6 

0.45 

ampere 

— 

11 

11 

seconds 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 

Unit No.l 

Unit No.2 


Grid 

0.026 

0.026 

pF 

No.3, 

10 

10 

pF 


2.8 

3 

pF 


0.002 

0.002 

pF 



0.02 

pF 


Class Ax Amplifier 

MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 


Plate Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 3.1 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.65 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 


CHARACTERISTICS (Each Unit) 

Plate Supply Voltage . 

Grid No.3 . . Connected 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance .. 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for transconductance of 50 /tmhos . . 


125 

volts 

to cathode 

at socket 

125 

volts 

56 

ohms 

0.2 

megohm 

10500 

/anhos 

11 

mA 

3.5 

mA 

—15 

volts 


6AS5 BEAM POWER TUBE 

Miniature type used as output amplifier primarily in 
automobile and in ac-operated receivers. Outlines sec¬ 
tion, 5D; requires miniature 7-contact socket. For 
curves of average plate characteristics, refer to type 
35C5. 



7CV 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.8 ampere 

Peak Heater-Cathode Voltage . ±100 max volts 

Direct Interelectrode Capacitances (Approx.): ^ ^ K "~ 

Grid No.l to Plate . 0.6 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 12 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 9 pF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 150 volts 

Grid-No.2 (Screen-Grid) Voltage . 117 volts 

Plate Dissipation . 5.5 watts 

Grid-No.2 Input . 1.0 watt 

Bulb Temperature (At hottest point) . 250 °C 

TYPICAL OPERATION 

Plate Voltage . 150 volts 

Grid-No.2 Voltage . 110 volts 

Grid-No.l (Control-Grid) Voltage . —8.5 volts 

Peak AF Grid-No.l Voltage . 8.5 volts 

Zero-Signal Plate Current . 35 mA 

Maximum-Signal Plate Current . 36 mA 

Zero-Signal Grid-No.2 Current (Approx.) . 2 mA 

Maximum-Signal Grid-No.2 Current (Approx.) . 6.5 mA 

Transconductance . 5600 /imhos 

Load Resistance . 4500 ohms 

Total Harmonic Distortion . 10 per cent 

Maximum-Signal Power Output . 2.2 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.1 megohm 

For cathode-bias operation . 0.5 megohm 

Refer to chart at end of section. 6AS6 



8BD 


LOW-MU TWIN POWER TRI0DE 6AS7G 

INDUSTRIAL 

TYPE 

Glass octal type used as a regulator tube in dc power 
supply units and in projection television booster scan¬ 
ning applications. Outlines section, 27B; requires octal 
socket. Refer to type 6080 for average plate character¬ 
istics curves. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 2.5 amperes 

Heater-Cathode Voltage: 

Peak values . ±300 max. volts 

Direct Interelectrode Capacitances (Approx.) each unit: 

Grid to plate . 10.5 pF 

Grid to heater and cathode . 6.8 pF 

Plate to heater and cathode . 2.3 pF 

Heater to cathode . 11.0 pF 

Grid of unit No. 1 to grid of unit No. 2 . 0.70 pF 

Plate of unit No. 1 to plate of unit No. 2 . 1.65 pF 

Class Ai Amplifier (Each Unit) 

CHARACTERISTICS 

Plate-Supply Voltage . 135 volts 

Cathode-Bias Resistor* . 250 ohms 

Amplification Factor . 2 

Plate Resistance (Approx.) . 280 ohms 

Transconductance . 7000 /tmhos 

Plate Current . 125 mA 


DC Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Plate Current . 

Plate Dissipation . 

■ Operation with fixed bias is not recommended 

Booster Scanning Service (Each Unit) 

For operation in a 525-line, 30-frame system^ 
MAXIMUM RATINGS (Design-Center Values) 

Peak Negative-Pulse Plate Voltage* . 

DC Plate Current . 

Plate Dissipation . 


1700 volts 

125 mA 

13 watts 


250 

volts 

125 

mA 

13 

watts 
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MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For cathode-bias operation . 1.0 megohm 

For fixed-bias operation . Not recommended 

□ As described in “Standards of Good Engineering Practice Concerning Television Broadcast 
Stations”, Federal Communications Commission. 

• The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning 
cycle. In a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 
microseconds. 


6AS7GA 


Refer to chart at end of section. 


DIODE— 

SHARP-CUTOFF PENTODE 

Miniature type used in television and radio receiver 
applications. The pentode unit is used as an if ampli¬ 
fier, video amplifier, or age amplifier. The high-per- 
veance diode is used as an audio detector, video de¬ 
tector, or dc restorer. Outlines section, 6B; requires 
miniature 9-contact socket. For curve of average plate 
characteristics of pentode unit, see type 6AN8A. 



H 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value .. 

Average value . 

Direct Interelectrode Capacitances: 

Diode Unit: 

Plate to Cathoe, Heater, Pentode Grid No.3, and 

Internal Shield .. 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Pentode Grid No.l to Diode Plate . 

Pentode Plate to Diode Cathode . 

Pentode Plate to Diode Plate . 


6.3 

volts 

0.45 

ampere 

— 

seconds 

±200 max 

volts 

100 max 

volts 


3 

pF 

0.03 

PF 

7 

PF 

2.4 

pF 

0.005 max 

pF 

0.15 max 

pF 

0.10 max 

pF 


Pentode Unit as Class A L Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 

Grid-No.2 Supply Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value . . . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

Plate Supply Voltage . . 

Grid No.3 . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor .. 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current .. 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.! for plate current of 10 n A 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Connected 


300 

volts 

0 

volts 

300 

volts 

See curve 

page 300 

0 

volts 

2.5 

watts 

0.5 

watt 

See curve 

page 300 

200 

volts 

to cathode 

at socket 

150 

volts 

180 

ohms 

300000 

ohms 

6200 

jumhos 

9.5 

mA 

3 

m A 

—8 

volts 


0.25 

megohm 

1 

megohm 




































Technical Data 


173 


Diode Unit 

MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 330 volts 

Peak Plate Current . 50 mA 

Average Plate Current . 5 mA 

Refer to chart at end of section. 6AS11 



TWIN DIODE— 6AT6 

HIGH-MU TRIODE 12AT6 

Miniature type used as a combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re¬ 
ceivers. Outlines section, 5C; requires miniature 7-con¬ 
tact socket. For typical operation as resistance-coupled 
amplifier refer to Resistance-Coupled Amplifier sec¬ 
tion. Type 12AT6 is identical with type 6AT6 except 
for heater ratings. 


6AT6 12AT6 


Heater Voltage (ac/dc) . 6.3 12.6 

Heater Current . 0.3 0.15 

Peak Heater-Cathode Voltage . ±90 max ±90 max 

Direct Interelectrode Capacitances: 

Triode Grid to Triode Plate . 2 

Triode Grid to Cathode and Heater . 2.2 

Triode Plate to Cathode and Heater . 0.8 

Plate of Diode Unit No.2 to Triode Grid . 0.04 max 


volts 

ampere 

volts 

pF 

pF 

pF 

pF 


Triode Unit as Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 


Plate Voltage . 300 

Plate Dissipation . 0.5 

Grid Voltage, Positive-bias value . 0 

CHARACTERISTICS 

Plate Voltage . 100 250 

Grid Voltage . —1 —3 

Amplification Factor . 70 70 

Plate Resistance . 54000 58000 

Transconductance . 1300 1200 

Plate Current . 0.8 1 


volts 

watts 

volts 


volts 

volts 

ohms 

/tmhos 

mA 


Diode Units 

MAXIMUM RATING (Design-Center Value) 

Plate Current (Each Unit) . 1 m A. 

The two diode plates are placed around a cathode whose sleeve is common to the triode unit. 
Each diode plate has its own base pin. For diode operation curves, refer to type 6AV6. 


Refer to chart at end of section. 


6AT8 



MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6AT8A 


5AT8 


Miniature types used as combined oscillator and mixer 
tubes in television receivers utilizing an intermediate 
frequency in the order of 40 MHz. Outlines section, 
6B; requires miniature 9-contact socket. Except for 
interlectrode capacitances and basing arrangement, this 
type is identical with miniature type 6X8. The basing 
arrangement is particularly suitable for connection to the coils of certain 
designs of turret tuners. Type 5AT8 is identical with type 6AT8A except 
for heater ratings. 


9DW 
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Heater Voltage (ac/dc) . 

Heater Current .. 

Heater Warm-up Time (Average) . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2 and 

Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 

Heater to Cathode . 


5AT8 

6AT8A 


4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

Unshielded 

Shielded" 


1.5 

1.5 

pF 

2 

2.4 

pF 

0.5 

1 

pF 

0.06 max 

0.03 max 

PF 

4.6 

4.8 

PF 

0.9 

1.6 

PF 

0.05 max 

0.04 max 

PF 

0.05 max 

0.008 max 

pF 

6 

6f 

PF 


■ With external shield connected to cathode except as noted, 
t With external shield connected to plate. 


6AU4GT 


Refer to chart at end of section. 


6AU4GTA 


HALF-WAVE 
VACUUM RECTIFIER 


Glass octal type used as damper tube in horizontal- 
deflection circuits of color and wide-angle picture-tube 
television receivers. Outlines section, 13G; requires 
octal socket. Type may be supplied with pin No. 1 
omitted. Socket terminals 1, 2, 4, and 6 should not be 
used as tie points. This tube, like other power-handling 
tubes, should be adequately ventilated. 



4CG 


Heater Voltage (ac/dc) . 

Heater Current . 

Direct Interelectrode Capacitances (Appi’ox.) : 

Plate to Heater and Cathode . 

Cathode to Heater and Plate . 

Heater to Cathode . 


6.3 

volts 

1.8 

amperes 

8.5 

pF 

11.5 

pF 

4 

pF 


Damper Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 4500 

Peak Plate Current . 1300 

Average Plate Current . 210 

Plate Dissipation . 6.5 

Heater-Cathode-Voltage: 

Peak value . +300 —4500 

Average value . +100 —900 


volts 
mA 
m A 
watts 

volts 

volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6AU5GT BEAM POWER TUBE 

Glass octal type used as horizontal-deflection ampli¬ 
fier in low-cost, high-efficiency deflection circuits of 
television receivers. Outlines section, 13D; requires 
octal socket. 
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Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 1.25 amperes 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 0.5 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 11.3 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 7 pF 


Class Ai Amplifier 


CHARACTERISTICS 


Pentode 
Connection 
. 115 

Triodef 

Connection 

110 


Grid-No.2 (Screen-Grid! 
Grid-No.l (Control-Grid) 

Plate Resistance . 

Transconductance . 

Voltage . 

Voltage . 

. 175 

. —20 

. 6000 

. 5600 

100 

—4.5 

volts 

volts 

ohms 

fimhos 

mA 

mA 

Plate Current . 

Grid No.2 Current . 


. 60 

. 6.8 

_ 


f Grid No.2 connected to plate. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 550 volts 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum) . 5500° volts 

Peak Negative-Pulse Plate Voltage . 1250 volts 

DC Grid-No.2 (Screen-Grid) Voltage* . 200 volts 

Peak Negative-Pulse Gi*id-No.l (Control-Grid) Voltage . 300 volts 

Peak Cathode Current . 400 mA 

Average Cathode Current . 110 mA 

Grid-No.2 Input . 2.5 watts 

Plate Dissipationff . 10 watts 

Bulb Temperature (At hottest point) . 210 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 0.47 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
0 Under no circumstances should this absolute value be exceeded. 

■ Obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2 
input to the rated maximum value. 

ff A bias resistor or other means is required to protect the tube in absence of excitation. 


Refer to chart at end of section. 


6AU6 


6AU6A 

SHARP-CUTOFF PENTODE 3AU6, 4AU6, 12AU6 

Miniature type used in compact radio equipment as rf 
amplifier especially in high-frequency, wide-band ap¬ 
plications; also used as limiter tube in FM equipment. 
Outlines section, 5C; requires miniature 7-contact 
socket. For a discussion of limiters, refer to Electron 
Tube Applications section. For typical operation as 
resistance-coupled amplifier, refer to Resistance-Coupled Amplifier section. 
Types 3AU6, 4ATJ6, and 12AU6 are identical with type 6AU6A except for 
heater ratings. 



7BK 


3AU6 

Heater Voltage (ac/dc) . 3.15 

Heater Current. 0.6 

Heater Warm-up Time (Aver¬ 
age) 11 

Heater-Cathckle Voltage: 

Peak value. ±200 max 

Average value . 100 max 


4AU6 

6AU6A 

12AU6 


4.2 

6.3 

12.6 

volts 

0.45 

0.3 

0.15 

ampere 

11 

11 

— 

seconds 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 
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Direct Interelectrode Capacitances: 

Pentode Connection: 

Grid No.l to Plate . 0.0035 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 5.5 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 5 pF 

Triode Connection :f 

Grid No.l to Plate, Grid No.2, Grid No.3, and Internal Shield 2.6 pF 

Grid No.l to Cathode and Heater . 3.2 pF 

Plate, Grid No.2, Grid No.3, and Internal Shield to Cathode 

and Heater . 1.2" pF 

t Grid No.2, grid No.3, and internal shield connected to plate. 

■ Value is 8.5 pF with external shield connected to cathode. 


Class Ai Amplifier 


Triodet Pentode 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Connection 

275 

Connection 

330 

volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 

— 

0 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.2 Supply Voltage . 

See curve page 300 
— 330 

volts 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

0 

0 

volts 

Plate Dissipation . 

3.5 

3.5 

watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

_ 

0.75 

watt 


For grid-No.2 voltages between 165 and 330 volts See curve page 300 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current .. 

Grid-No.l Voltage for plate current 
of 10 jtiA . 


Triodef 

Connection 


Pentode Connection 


250 

100 250 

150 

volts 

— 

Connected to 

cathode at 

socket 

— 

100 125 

150 

volts 

330 

36 

150 100 

68 

ohms 


0.5 1.5 

1 

megohms 

4800 

3900 4500 

5200 

fxm hos 

12.2 

5 7.6 

10.6 

mA 

— 

2.1 3 

4.3 

mA 

connected 

-4.2 - 5.5 

to plate. 

—6.5 

volts 



PLATE VOLTS 92CS-66IIT3 


6AU7 


Refer to chart at end of section. 


6AU8 


Refer to chart at end of section. 




























Technical Data 


177 


H 



MEDIUM-MU TRIODE— z a no A 

SHARP-CUTOFF PENTODE OAUoA 

Miniature type used in television receiver applications. 
Pentode unit is used as video amplifier, if amplifier, 
and age amplifier. Triode unit is used in sync-amplifier, 
sync-separator, sync-clipper, and phase-inverter cir¬ 
cuits. Outlines section, 6E; requires 9-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3. and 

Internal Shield . 

Plate to Cathode,, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Triode Grid to Pentode Plate . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 


6.3 

volts 

0.6 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

2.2 

pF 

2.6 

pF 

0.34 

pF 

0.06 

PF 

7.5 

pF 

3.4 

pF 

0.022 max 

pF 

0.006 max 

PF 

0.12 max 

pF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
100 jj .A . 

MAXIMUM CIRCUIT VALUES 

Gi*id-No.1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


330 330 volts 

— 330 volts 

See curve page 300 
0 0 volts 

2.8 3.3 watts 


— 

1 

watt 


See curve 

page 300 

150 

200 

volts 

— 

125 

volts 

150 

82 

ohms 

43 

— 


8100 

100000 

ohms 

5300 

8000 

jx mhos 

9.5 

17 

mA 

— 

3.4 

mA 

—6.5 

—7.5 

volts 


0.5 

0.25 

megohm 

1 

1 

megohm 



6AV5GA 

BEAM POWER TUBE havsga, 25Avsga 

Glass octal type used as horizontal-deflection ampli¬ 
fier in television receivers. Outlines section, 19C; re¬ 
quires octal socket. Types 12AY5GA and 25AV5GA 
are identical with type 6AV5GA except for heater 

ratings. 

6AV5GA 12AV5GA 25AV5GA 
6.3 12.6 25 

1.2 0.6 0.3 

— 11 — 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 


volts 

amperes 

seconds 
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Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max ±200 max volts 

Average value . 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.) 

Grid No.l to Plate . 0.5 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 14 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 7 pF 


Class At Amplifier 


Pentode Triode* 


CHARACTERISTICS 

Connection 

Connection 


Plate Voltage . 

60 

250 

150 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

150 

150 

150 

volts 

Grid-No. 1 (Control-Grid) Voltage . 

0 

—22.5 

—22.5 

volts 

Plate Resistance . 

— 

14500 

— 

ohms 

Transconductance . 

— 

5900 

— 

jumhos 

Plate Current . 

260 

57 

_ 

mA 

Screen Current . 

26 

2.1 

— 

mA 

Grid-No.l Voltage (Approx.) for plate current of 

1 mA . 

_ 

—43 

_ 

volts 


Amplification Factor . — — 4.3 

• Grid No.2 connected to plate. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 550 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum) . 5500° 

Peak Negative-Pulse Plate Voltage . 1250 

DC Grid-No.2 Voltage . 175 

Peak Negative-Pulse Grid-No. 1 Voltage . 300 

Peak Cathode Current . 400 

Average Cathode Current . 110 

Grid-No.2 Input . 2.5 

Plate Dissipationff . 11 

Bulb Temperature (At hottest point) . 210 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 0.47 


volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
° Under no circumstances should this absolute value be exceeded. 

ft A bias resistor or other means is required to protect the tube in absence of excitation. 


6AV5GT 


Refer to chart at end of section. 


6AV6 

4AV6, 12AV6 


TWIN DIODE— 
HIGH-MU TRIODE 


Miniature type used as combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re¬ 
ceivers. The 6AV6 may be substituted directly for the 
6AT6 in applications where the higher amplification 
of the 6AV6 is advantageous. Outlines section, 5C; re¬ 
quires miniature 7-contact socket. Types 4AV6, and 12AV6 are identical 
with type 6AV6 except for heater ratings. 




4AV6 

6AV6 

I2AV6 


Heater Voltage (ac/dc) . 

4.2 

6.3 

12.6 

volts 

Heater Current . 

0.45 

0.3 

0.15 

ampere 

Heater Warm-up Time (Average) . 

11 

— 

— 

seconds 

Heather-Cathode Voltage: 

Peak value . 

±200 max 

±200 max 

±200 max 

volts 

Average value . 

100 max 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances : 

Triode Grid to Triode Plate . 



2 

pF 

Triode Grid to Cathode and Heater . . . . 



2.2 

PF 

Triode Plate to Cathode and Heater 



0.8- 

pF 

Plate of Diode Unit No.2 to Triode Grid . 

■ This value is 1.2 pF with external shield connected to cathode. 

0.04 max 

PF 
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Triode Unit as Class Ai Amplifier 

MAXIMUM RATING (Design-Maximum Value) 

Plate Voltage . 

Grid Voltage, Positive-bias value . 

Plate Dissipation . 


AVERAGE DIODE CHARACTERISTICS 
HALF-WAVE rectification-single diode unit 


TYPE 6AV6 Ef = 6.3 VOLTS 


TYPE 6AV6 
TRIODE UNIT 



CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance . 

Transconductance . 

Plate Current . 

Diode Units 

MAXIMUM RATING (Design-Maximum Value) 

Plate Current (Each Unit) . 


100 

250 

volts 


—2 

volts 

100 

100 


80000 

62500 

ohms 

1250 

1600 

umhos 

0.50 

1.2 

mA 


1 mA 


The two diode plates are placed around a cathode, the sleeve of which is common to the 
triode unit. Each diode plate has its own base pin. Diode biasing of the triode unit is not 
recommended. 


Installation and Application 

The triode unit of the 6AV6 is recommended for use only in resistance- 
coupled circuits. Refer to the Resistance-Coupled Amplifier section for 
typical operating conditions. Grid bias for the triode unit of the 6AV6 
may be obtained from a fixed source, such as a fixed-voltage tap on the dc 
power supply, or from a cathode-bias resistor. It should not be obtained 
by the diode-biasing method because of the probability of plate-current 
cutoff, even with relatively small signal voltages applied to the diode circuit. 


Refer to chart at end of section. 


6 AVI T 


Refer to chart at end of section. 


6AW8 
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6AW8A HIGH-MU TRIODE— 

8AW8A SHARP-CUTOFF PENTODE 

Miniature type used in television receiver applications. 
The pentode unit is used as an if amplifier, video am¬ 
plifier, age amplifier, or reactance tube. The triode 
unit is used in low-frequency oscillator, sync-separa¬ 
tor, sync-clipper, and phase-splitter circuits. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
8AW8A is identical with type 6AW8A except for 
heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Pentode Cathode, Pentode 
Grid No.3, Internal Shield, and Heater . . . 
Plate to Cathode, Pentode Cathode, Pentode 
Grid No.3, Internal Shield, and Heater . . . 
Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

Plate to Cathode, Heater, Griid No.2, Grid 

No.3, and Internal Shield . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 

■ With external shield connected to pins 4 and 5. 


6AW8A 

6.3 

0.6 

11 

8AW8A 

8.4 

0.45 

11 

volts 

ampere 

seconds 

±200 max 
100 max 

±200 max 
100 max 

volts 

volts 

Unshielded 

Shielded 


2.2 

2.2 

PF 

3.2 

3.4 

PF 

1.8 

3 

pF 

0.06 max 

0.05 max 

pF 

10 

10 

pF 

3.6 

0.008 max 
0.15 max 

4.5 

0.005 max 
0.025 max 

pF 

PF 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 


Triode Unit 

Pentode Unit 


330 

330 

volts 

— 

330 

volts 

— 

See curve 

page 300 

0 

0 

volts 

1.1 

3.75 

watts 

_ 

1.1 

watts 

— 

See curve 

page 300 

200 

150 

volts 

— 

150 

volts 

—2 

— 

volts 

— ' 

150 

ohms 

70 

— 
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Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No. 1 Voltage (Approx.) for plate current of 
20 fiA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


megohm 

/imhos 

mA 

mA 


megohm 

megohm 


HALF-WAVE 6AX3 

VACUUM RECTIFIER 12AX3, 17AX3 

Duodecar type used as damper tube in horizontal-de¬ 
flection circuits of television receivers. Outlines section, 
8C; requires 12-contact socket. Socket terminals 5, 6, 
8, and 9 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 12AX3 and 17AX3 are identical with 
type 6AX3 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 
Direct Interelectrode Capacitances: 
Plate to Cathode and Heater . . 
Cathode to Plate and Heater . . 
Heater to Cathode . 


6AX3 

12AX3 

17AX3 


6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 



5.5 

pF 



7.5 

pF 



2.8 

pF 


Damper Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 5000 volts 

Peak Plate Current . 1000 mA 

Average Plate Current . 165 mA 

Plate Dissipation . 5.3 watts 

Heater-Cathode Voltage: 

Peak value . +300 —5000 volts 

Average value . +100 —900 volts 

CHARACTERISTIC 

Tube Voltage Drop for plate current of 250 mA . 32 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


Refer to chart at end of section. 


6AX4GT 


HALF-WAVE 6AX4GTB 

\ VACUUM RECTIFIER 12AX4GTB, 17AX4GTA 

A ^ 1 JL Glass octal type used as damper tube in horizontal- 
, C ^A. deflection circuits of color and black-and-white tele- 

0^0 vision receivers. Outlines section, 13D; requires octal 

,c H socket. May be supplied with pin No. 1 omitted. Socket 

4CG terminals 1, 2, 4, and 6 should not be used as tie 

points. This tube, like other power-handling tubes, should be adequately 
ventilated. Types 12AX4GTB and 17AX4GTA are identical with type 
6AX4GTB except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 


Cathode to Plate and Heater 
Plate to Cathode and Heater 
Heater to Cathode . 



6AX4- 

GTB 

6.3 

12AX4- 

GTB 

12.6 

17AX4- 

GTA 

16.8 



1.2 

0.6 

0.45 




11 

11 

seconds 

(Approx.) : 



8.5 

pF 




5 

pF 




4 

Pi 
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Damper Service 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 5000 

Peak Plate Current . 1000 

Average Plate Current . 165 

Plate Dissipation . 5.3 

Heater-Cathode Voltage: 

Peak value . +300 —5000 

Average value . +100 -—900 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 250 mA . 32 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 


volts 

mA 

mA 

watts 

volts 

volts 


volts 

microseconds). 


6AX5GT 


FULL-WAVE 
VACUUM RECTIFIER 


Glass octal type used in power supplies of radio equip¬ 
ment having* moderate dc requirements. Outlines sec¬ 
tion, 13D; requires octal socket. This type may be sup¬ 
plied with pin No. 1 omitted. This tube, like other 
power-handling tubes, should be adequately venti¬ 
lated. Heater: volts (ac), 6.3; amperes, 1.2. 


Full-Wave Rectifier 


MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current (Per Plate) . 

Hot-Switching Transient Plate Current: 

For duration of 0.2 second maximum . . 
AC Plate Supply Voltage (Per Plate, rms) 
Average Output Current (Per Plate, rms) 
Peak Heater-Cathode Voltage . 


TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 


AC Plate-to-Plate Supply Voltage (rms) . 700 

Filter Input Capacitor* . 10 

Effective Plate-Supply Impedance Per Plate . 50 


DC Output Voltage at Input to Filter (Approx.) : 

At half-load current of j . 

At full-load current of { ^ . 

Voltage Regulation (Approx.) : 

Half-load to full-load current . 45 


TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 

AC Plate-to-Plate Supply Voltage (rms) . 

Filter Input Choke . 

DC Output Voltage at Input 

At half-load current of 


At full-load current of 


to Filter (Approx.) : 

f 75 mA . 

\ 62.5 mA . 

f 150 mA . 

t 125 mA . 


700 

10 # 

270 

250 



6S 


1250 

volts 

375 

mA 

2.6 

amperes 

See 

Rating Chart 

See 

Rating Chart 

±450 

volts 

900 

volts 

10 

/iF 

105 

ohms 

_ 

volts 

540 

volts 

— 

volts 

490 

volts 

50 

volts 

900 

volts 

10## 

henries 


volts 

365 

volts 


volts 

350 

volts 


RATING CHART 



0 100 200 300 400 500 

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 


92CS- 7383TI 
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Voltage Regulation (Approx.) : 

Half-load to full-load current . 20 15 volts 

* Higher values of capacitance than indicated may be used but the effective plate-supply 
impedance may have to be increased to prevent exceeding the maximum rating for hot- 
switching transient plate current. 

# This value is adequate to maintain optimum regulation provided the load current is not 
less than 30 mA. For load currents less than 30 mA, a larger value of inductance is required 
for optimum regulation. 

## This value is adequate to maintain optimum regulation provided the load current is not 
less than 35 mA. For load currents less than 35 mA, a larger value of inductance is required 
for optimum regulation. 

Refer to chart at end of section. 6AX8 

Refer to chart at end of section. 6AY3 


HALF-WAVE 

VACUUM RECTIFIER 6AY3B 

12AY3A, 17AY3A 

Novar type used as damper tube in horizontal-de¬ 
flection circuits of black-and-white television receivers. 
9HP Outlines section, 30B; requires novar 9-contact socket. 

Socket terminals 1, 3, 6, and 8 should not be used as tie points. It is es¬ 
pecially important that these tubes, like other power-handling tubes, be 
adequately ventilated. Types 12AY3A and 17AY3A are identical with type 
6AY3B except for heater ratings. 




6AY3B 

12AY3A 

17AY3A 


Heater Voltage (ac/dc) . 

. 6.3 

12.6 

16.8 

volts 

Heater Current . 

. 1.2 

0.6 

0.45 

amperes 

Heater Warm-up Time (Average) 
Direct Interelectrode Capacitances 

(Approx.) : 

11 

11 

seconds 

Plate to Cathode and Heater . 


6.5 

pF 

Cathode to Plate and Heater 



9 

PF 

Heater to Cathode . 

Damper Service 


2.8 

PF 

For operation in a 525-line, 30-frame 

system 




MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 5000 

Peak Plate Current . 1100 

Average Plate Current . 175 

Plate Dissipation . 6.5 

Heater-Cathode Voltage: 

Peak value . +300 —5000 

Average value . +100 —900 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 32 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 micr 


volts 

oseconds). 


Refer to chart at end of section. 


6AY11 


H.C3p,IS 



pp g t 

9ED 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6AZ8 


Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The pentode unit is used 
as an if amplifier, video amplifier, age amplifier, or 
reactance tube. The triode unit is used in low-frequency 
oscillator, sync-separator, sync-clipper, and phase- 
splitter circuits. Outlines section, 6B; requires minia¬ 
ture 9-contact socket. 


Heater Voltage (ac/dc) 

Heater Current . 

Heater-Cathode Voltage : A 

Peak value . 

Average value . 


6.3 volts 

0.45 ampere 

±200 max volts 

100 max volts 
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Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 1.7 pP 

Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 2 pF 

Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 1.7 pF 

Pentode Unit: 

Grid No.l to Plate . 0.02 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 6.5 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 2.2 pF 

Triode Grid to Pentode Plate . 0.027 max pF 

Pentode Grid No.l to Triode Plate . 0.020 max pF 

Pentode Plate to Triode Plate . 0.045 max pF 


A The heater-cathode voltage of the pentode unit should not exceed the value of the operating 
cathode bias. Grid No.3 will be made negative with respect to cathode if this value is ex¬ 
ceeded, and thus possibly cause a change in tube characteristics. 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current .. . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 

10 /xA . 

Grid-No.l Voltage (Approx.) for transconductance 

of 100 Aimhos . 

MAXIMUM CIRCUIT VALUES 


Triode Unit Pentode Unit 


300 

300 

volts 

— 

300 

volts 

— 

See curve 

page 300 

0 

0 

volts 

2.6 

2 

watts 

_ 

0.5 

watt 

— 

See curve 

page 300 

Triode Unit 

Pentode Unit 

200 

200 

volts 

— 

150 

volts 

—6 

— 

volts 

— 

180 

ohms 

19 

— 


5750 

300000 

ohms 

3300 

6000 

#mhos 

13 

9.5 

mA 

— 

3 

mA 

—19 

— 

volts 

_ 

—12.5 

volts 


Grid-No.l-Circuit Resistance :* 

For fixed-bias operation . . 0.5 0.25 megohm 

For cathode-bias operation . . 1 1 megohm 

* If either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for 
both units should not exceed the stated values. 


6B4G 

6B5 

6B6G 

6B7 

6B7S 

6B8 

6B8G 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 


6B10 TWIN DIODE— 

8bio MEDIUM-MU TWIN TRIODE 

Duodecar type used in television receiver applications; 
diode units are used in horizontal-phase-detector cir¬ 
cuits, and triode units are used in horizontal-oscillator 
circuits. Outlines section, 8A; requires duodecar 12- 
contact socket. Type 8B10 is identical with type 6B10 
except for heater ratings. 


P T| K T| 
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Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

6B10 

. 6.3 

. 0.6 

. 11 

. ±200 max 

8B10 

8.5 

0.45 

11 

±200 max 

volts 

ampere 

seconds 

volts 

Average value . 

. 100 max 

100 max 

volts 


Class Ai Amplifier (Each Triode Unit) 


MAXIMUM RATING (Design-Maximum Value) 

Plate Voltage . 

Average Cathode Current . 

Plate Dissipation . 

. 330 

. 20 

. 3 

volts 

mA 

watts 

CHARACTERISTICS 

Plate Voltage . 

. 250 

. —8 

volts 

volts 


. 18 


Plate Resistance (Approx.) . 

Transconduf’tflnne . 

. 7200 

. 2500 

ohms 
ix mhos 

Piste Current . 

. 10 

mA 

Grid Voltage (Approx.) for plate current of 50 /aA . 

. —20 

volts 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

. 0.25 

. 1 

megohm 

megohm 


Diode Units (Each Unit) 


MAXIMUM RATING (Design-Maximum Value) 

Plate Current . 5 mA 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 20 mA . 5 volts 


Refer to chart at end of section. 
For replacement nse type 6BA6/EF93. 


6BA3 

6BA6 



REMOTE-CUTOFF PENTODE 


6BA6/EF93 


12BA6 

7BK Miniature types used as rf amplifiers in standard broad¬ 

cast and FM receivers, as well as in wide-band, high- 
frequency applications. The low value of grid-No.l-to-plate capacitance 
minimizes regenerative effects, while the high transconductance makes pos¬ 
sible high signal-to-noise ratio. Outlines section, 5C; require miniature 
7-contact socket. Type 12BA6 is identical with type 6BA6/EF93 except for 
heater ratings. 





6BA6/EF93 

12BA6 


Heater Voltage (ac/dc) . 



6.3 

12.6 

volts 

Heater Current . 

Heater-Cathode Voltage: 



0.3 

0.15 

ampere 

Peak value . 



±200 max 

±200 max 

volts 

Average value . 



100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 






Grid No.l to Plate . 

Grid No.l to Cathode, Heater, 

Grid 

No.2, Grid 

No.3, and 

0.0035 max 

pF 

Internal Shield . 




5.5 

PF 

Plate to Cathode, Heater, Grid 

No.2, 

Grid No.3, 

and 

Internal Shield . 




5- 

pF 


■ This value is 5.5 pF with external shield connected to cathode. 





























186 


RCA Receiving Tube Manual 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Voltage . See curve page 300 

Grid-No.2 Supply Voltage . 330 volts 

Plate Dissipation . 3.4 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.7 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 55 volts 

Positive-bias value . 0 volts 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 and Internal Shield . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for transconductance 
of 40 /imhos . 

" TYPE 6BA6 
L GRID-No.2 VOLTS® 100 \ 
GRID-No.3 VOLTS-0 



100 

250 

volts 

Connected 

to cathode 

at socket 

100 

100 

volts 

68 

68 

ohms 

0.25 

1 

megohm 

4300 

4400 

/rnihos 

10.8 

11 

mA 

4.4 

4.2 

mA 

—20 

i-1-1 

—20 

volts 


Installation and Application 

Control-grid bias variation is effective in changing the volume of the 
receiver. To obtain adequate volume control, an available grid-No.l-bias 
voltage of approximately 50 volts is required. The exact value depends upon 
the circuit design and operating conditions. This voltage may be obtained, 
depending on the receiver requirements, from a potentiometer across a fixed 
supply voltage, from a variable cathode-bias resistor, from the avc system, 
or from a combination of these methods. 

The grid-No.2 (screen-grid) voltage may be obtained from a poten¬ 
tiometer or bleeder circuit across the B-supply source, or through a drop¬ 
ping resistor from the plate supply. The use of series resistors for obtaining 
satisfactory control of grid-No.2 voltage in the case of four-electrode tubes 
is usually impossible because of secondary-emission phenomena. In the 
6BA6, however, because grid No.3 practically removes these effects, it is 
practical to obtain grid-No.2 voltage through a series-dropping resistor from 
the plate supply or from some high intermediate voltage, provided the 
source does not exceed the plate-supply voltage. With this method, the 
grid-No.2-to-cathode voltage will fall off very little from minimum to 
maximum value of the resistor controlling cathode bias. In some cases, it 
may actually rise. This rise of grid-No.2-to-cathode voltage above the nor¬ 
mal maximum value is allowable because both the grid-No.2 current and the 
plate current are reduced simultaneously by a sufficient amount to prevent 
damage to the tube. It should be recognized that, in general, the series- 
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resistor method of obtaining grid-No.2 voltage from a higher voltage supply 
necessitates the use of the variable cathode-resistor method of controlling 
volume in order to prevent too high a voltage on grid No.2. When grid-No.2 
and control-grid voltage are obtained in this manner, the remote “cutoff” 
advantage of the 6BA6 can be fully realized. However, it should be noted 
that the use of a resistor in the grid-No.2 circuit has an effect on the 
change in plate resistance with variation in grid-No.3 (suppressor-grid) 
voltage in case grid No.3 is utilized for control purposes. 



8CT 


PENTAGRID CONVERTER 6BA7 

Miniature type used as converter in AM and FM re¬ 
ceivers. Outlines section, 6E; requires miniature 9- 
contact socket. 


Heater Voltage . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances: 

Grid No. 3 to All Other Electrodes . 

Plate to All Other Electrodes . 

Grid No. 1 to All Other Electrodes . 

Grid No. 3 to Plate. 

Grid No. 3 to Grid No. 1 . 

Grid No. 1 to Plate . 

Grid No. 1 to All Other Electrodes, except Cathode 

Grid No. 1 to Cathode. 

Cathode to All Other Electrodes except Grid No. 1 


6.3 

volts 

0.3 

ampere 

±90 

volts 

9.5 

pF 

8.3 

pF 

6.7 

pF 

0.19 max 

pF 

0.1 max 

pF 

0.05 max 

pF 

3.4 

PF 

3.3 

PF 

4 

PF 


Converter Service 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No. 5-and-Internal-Shield VoltageA . 

Grids-No.-2-and-No.4 (Screen-Grid) Voltage . 

Grids-No.2-and-No.4 Supply Voltage. 

Plate Dissipation . 

Grids-No.2-and-No.4 Input . 

Total Cathode Current . 

Grid-No.3 Voltage: 

Negative-bias value . 

Positive-bias value . 


300 

volts 

0 

volts 

100 

volts 

300 

volts 

2 

watts 

1.5 

watts 

22 

m A 

100 

volts 

0 

volts 


CHARACTERISTICS (Separate Excitation)* *• 

Plate Voltage . 

Grid No.5 and Internal Shield* . 

Grids-No.2-and-No.4 (Screen-Grid) Voltage 

Grid-No.3 (Control-Grid) Voltage . 

Grid-No. 1 (Oscillator-Grid) Resistor . 

Plate Resistance (Approx.) . 

Conversion Transconductance . 

Conversion Transconductance (Approx. )♦* 

Plate Current. 

Grids-No.2-and-No.4 Current. 

Grid-No.l Current . 

Total Cathode Current. 


100 

250 

volts 

Connected directly to ground 

100 

100 

volts 

—1 


volt 

20000 

20000 

ohms 

0.5 

1 

megohm 

900 

950 

/rnihos 

3.5 

3.5 

timhos 

3.6 

3.8 

mA 

10.2 

10 

mA 

0.35 

0.35 

mA 

14.2 

14.2 

mA 


NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately 8000 /onhos under the following conditions: signal applied to 
grid No.l at zero bias; grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under 
the same conditions, the plate current is 32 milliamperes, and the amplification factor is 16.5. 

* The characteristics shown with separate excitation correspond very closely with those ob¬ 
tained in a self-excited oscillator circuit operating with zero bias. 

*• With grid-No.3 bias of —20 volts. 

a Internal Shield (pins No.6 and No.8) connected directly to ground. 
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6BA8A MEDIUM-MU TRIODE— 
8BA8A SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receivers. The pentode unit is used as a video 
amplifier, an age amplifier, or a reactance tube. The 
triode unit is used in low-frequency oscillator and 
phase-splitter circuits. Outlines section, 6E; requires 
miniature 9-contact socket. Type 8BA8A is identical 
with type 6BA8A except for the heater ratings. 


6BA8A 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.3 

Heater Warm-up Time (Average) . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 

Direct Interelectrode Capacitances (Approx.): 

Triode Unit: 

Grid to Plate . 2.2 

Grid to Cathode and Heater . 2.5 

Plate to Cathode and Heater. 0.4 

Pentode Unit: 

Grid No.l to Plate . 0.06 

Grid No.l to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield ... 10 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 3.6 

Triode Grid to Pentode Plate . 0.016 

Pentode Grid No.l to Triode Plate. 0.006 

Pentode Plate to Triode Plate . 0.15 



8BA8A 


8.4 

volts 

0.45 

ampere 

— 

seconds 

±200 max 

volts 

100 max 

volts 

2.2 

pF 

2.7 

pF 

1.9 

pF 

0.05 

pF 

10 

PF 

4.5 

pF 

0.006 

pF 

0.003 

pF 

0.023 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage. 

Grid-No.2 (Screen-Grid) Supply Voltage. 

Grid-No.2 Voltage. 

Grid-No. 1 (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

Plate-Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No. 1 Voltage ... 

Cathode-Bias Resistor .. 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current ... 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
10 fiA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


300 

300 

volts 

— 

300 

volts 

— 

See curve page 300 

_ 

—50 

volts 

— 

0 

volts 

2 

3.25 

watts 


1 

watt 

— 

See curve 

page 300 

200 

200 

volts 

— 

150 

volts 

—8 

— 

volts 

18 

180 

ohms 

6700 

400000 

ohms 

2700 

9000 

fim hos 

8 

13 

mA 

—- 

3.5 

mA 

—16 

—10 

volts 


0.5 0.25 megohm 

1 1 megohm 


6BA11 

8BA11 


TRIODE—TWIN PENTODE 


Duodecar type used as vertical-deflection oscillator 
and for combined sync-agc applications in color and 
black-and-white television receivers. Outlines section, 
8B; requires duodecar 12-contact socket. Type 8BA11 is 
identical with type 6BA11 except for heater ratings. 
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6BA11 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.6 

Heater Warm-up Time . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode, Heater, and Internal Shield . 
Pentode Unit 

Grid No.3 to Plate (Each Unit) . 

Grid No.3 to all Other Electrodes (Each Grid) 

Grid No.l to all Other Electrodes) . 

Plate to all Other Electrodes (Each Plate) . . . 
Grid No.3 of Pentode 1 to Grid No.3 of Pentode 2 . 


8BA11 

8.4 volts 

0.45 amperes 

11 seconds 

±200 max volts 

100 max volts 


2 

pF 

2 

pF 

1.9 

PF 

2 

pF 

3.6 

pF 

6 

pF 

3 

pF 

0.026 max 

PF 


Triode Unit as Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage .,. 300 

Average Cathode Current . 20 

Plate Dissipation . 1.5 

CHARACTERISTICS 

Plate Voltage . 250 

Grid Voltage . —11 

Amplification Factor . 18 

Transconductance . 1800 

Plate Current . 5 

Grid Voltage (Approx.) for plate current of 100 fiA . —18 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 0.25 

For cathode-bias operation . 1 


volts 

mA 

watts 


volts 

volts 

/imhos 

mA 

volts 


megohm 

megohm 


Pentode Unit as Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage (Each Unit) . 300 

Grid-No.3 (Suppressor-Grid) Voltage (Each Unit) : 

Peak positive value . 50 

DC negative value . 50 

DC positive value . 3 

Grid-No.2 (Screen-Grid) Voltage . 150 

Grid-No.l (Control-Grid) Voltage, Negative bias value . 50 

Cathode Current . 12 

Plate Dissipation (Each Unit) .. 1.1 

Grid-No.2 Input . 0.75 

CHARACTERISTICS (With Both Units Operating)* 

Plate Voltage (Each Unit) . 100 100 

Grid-No.3 Voltage (Each Unit) . —10 0 

Grid-No.2 Voltage . 67.5 67.5 

Grid-No.l Voltage . * * 

Plate Current (Each Unit) . 0 2.5 

Grid-No.2 Current . 7 4.4 

CHARACTERISTICS (With One Unit Operating) f 

Plate Voltage . 100 100 

Grid-No.3 Voltage . 0 0 

Grid-No.2 Voltage . 67.5 67.5 

Grid-No. 1 Voltage . 0 * 

Grid-No.3 Transconductance . — 450 

Grid-No.l Transconductance . 1700 

Plate Current. — 2.5 

Grid-No.2 Voltage (Approx.) for plate current of 

# 100 fiA . — 3.2 

Grid-No.l Voltage (Approx.) for plate current of 

100 fiA . 2.3 — 

MAXIMUM CIRCUIT VALUES 

Grid-No. 3-Circuit Resistance (Each Unit) . 0.5 

Grid-No. 1-Circuit Resistance . 0.5 


* Adjusted to provide a dc grid-No.l current of 100 microamperes, 
f With plate and grid No.3 of the other unit connected to ground. 
■ Voltages and plate current apply to each section. 


volts 

volts 

volts 

volts 

volts 

volts 

mA 

watts 

watt 


volts 

volts 

volts 

volts 

mA 

mA 


volts 

volts 

volts 

volts 

fimhos 

/imhos 

mA 

volts 

volts 


megohm 

megohm 
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6BC4 MEDIUM-MU TRIODE 

Miniature type used as an rf amplifier in the cathode- 
drive circuits of uhf television tuners covering the fre¬ 
quency range of 470 to 890 MHz. Outlines section, 6A; 
requires miniature 9-contact socket. 

Heater Voltage (ac/dc) . 

Heater Current. 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.): 

Grid to Plate . . 

Grid to Heater and Cathode.. 

Plate to Heater and Cathode . 

Heater to Cathode . 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Cathode Current .. 

Plate Dissipation . 

CHARACTERISTICS 

Plate Supply Voltage . 

Cathode-Bias Resistor. 

Amplification Factor. 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 /(A . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 





(4 


/e) 

c (sy 

\ 

rn- 


cdA 

S 


(T 


T®) 

p 


p 

6.3 

9DR 

volts 

0.225 


ampere 

±75 max 

volts 

1.6 


PF 

2.9 


PF 

0.26 


PF 

2.7 


PF 

250 


volts 

25 


mA 

2.5 


watts 

150 


volts 

100 


ohms 

48 

4800 


ohms 

10000 


/imhos 

14.5 


mA 

—10 


volts 

Not recommended 

0.5 


megohm 


6BC5 


Refer to chart at end of section. 


6BC5/6CE5 SHARP-CUTOFF PENTODE 

3BC5/3CE5 

Miniature type used in compact radio equipment as an 
rf or if amplifier at frequencies up to 400 MHz. Out¬ 
lines section, 5C; requires miniature 7-contact socket. 
For typical operation as resistance-coupled amplifier, 
refer to Resistance-Coupled Amplifier section. Type 
3BC5/3CE5 is identical with type 6BC5/6CE5 except for 
heater ratings. 



7BD 


Heater Voltage (ac/dc) . . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 
Pentode Connection: 

Grid No.l to Plate. 

Grid No.l to Cathode. Heater, Gi 

Internal Shield . 

Plate to Cathode, Heater, Grid 1 

Shield . 

Triode Connection:* 

Grid No.l to Plate and Grid No.2 
Grid No.l to Cathode, Heater, Gru 
Plate and Grid No.2 to Cathode, 
Internal Shield . 

* Grid No.2 connected to plate. 


Heater, Grid No.3, 


3.15 

6.3 

volts 

0.6 

0.3 

ampere 

11 

— 

seconds 

±200 max 

±90 max 

volts 

100 max 

— 

volts 


0.030 max 

PF 

and 

6.5 

pF 

l Internal 

1.8 

PF 


2.5 

PF 

Shield .. 

3.9 

PF 

and 

3 

PF 
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Class At Amplifier 

MAXIMUM RATINGS (Design-Center Values) ( 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage. 

Grid-No.2 Voltage. 

Grid-No.l (Control-Grid) Voltage, Positive-bias value. 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts. 


Triode Pentode 

Connection' 11 Connection 
300 300 

— 300 

— See curve page 300 
0 0 

2.5 2 

— 0.5 

— See curve page 300 

Triode Pentode 


CHARACTERISTICS 

Connection* 

Connection 


Plate Supply Voltage . 

180 

250 

100 

125 

250 

volts 

Grid-No.2 Supply Voltage . 

— 

— 

100 

125 

150 

volts 

Cathode-Bias Resistor . 

330 

820 

180 

100 

180 

ohms 

Amplification Factor . 

42 

40 

— 

— 

— 


Plate Resistance (Approx.) . 

. 0.006 

0.009 

0.6 

0.5 

0.8 

megohm 

Transconductance . 

. 6000 

4400 

4900 

6100 

5700 

/imhos 

Plate Current . 

8 

6 

4.7 

8 

7.5 

mA 

Grid-No.2 Current . 

Grid-No. 1 Voltage (Approx.) for plate current of 

— 

— 

1.4 

2.4 

2.1 

mA 

10 fiA . 

* Grid No.2 connected to plate. 

• 


—5 

—6 

—8 

volts 


Refer to chart at end of section. 
For replacement use type 6BC8/6BZ8. 



6BC8/6BZ8 

MEDIUM-MU TWIN TRIODE 

Miniature type used as a cascode amplifier in vhf tele¬ 
vision tuners and in push-pull cathode-drive rf ampli¬ 
fiers. Outlines section, 6B; requires miniature 9-contact 
socket. Type 4BC8 is identical with type 6BC8/6BZ8 
except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances*: 

Grid to Plate . 

Grid to Cathode, Heater, and Internal Shield .... 
Cathode to Grid, Heater, and Internal Shield .... 
Plate to Cathode, Heater, and Internal Shield .... 

Plate to Grid, Heater, and Internal Shield . 

Plate to Cathode . 

Heater to Cathode . 

Plate of Unit No.l to Plate of Unit No.2 . 

Plate of Unit No.2 to Plate and Grid of Unit No.l 


4BC8 

6BC8/6BZ8 


4.2 

6.3 

volts 

0.6 

0.4 

ampere 

11 

— 

seconds 

±200*max ±200*max 

volts 

100 max 100 max 

volts 

Unit No.l 

Unit No.2 


1.2 

1.2 

PF 

2.6 

— 

PF 

— 

5.5 

pF 

1.3 

— 

PF 

■—■ 

2.4 

PF 

—• 

0.12 

pF 

2.8 

2.8 

pF 

0.02 max 

pF 

0.04 max 

pF 


* Eating may be as high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 

* With external shield connected to internal shield. 


Class A l Amplifier (Each Unit) 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 250* volts 

Cathode Current. 22 mA 

Plate Dissipation . 2.2 watts 

CHARACTERISTICS 

Plate Supply Voltage . 150 volts 

Cathode-Bias Resistor . 220 ohms 

Plate Resistance (Approx.) . 5300 ohms 

Amplification Factor . 35 

Transconductance . 6200 /^mhos 

Plate Current . 10 mA 

Grid Voltage (Approx.) for transconductance of 50 /imhos . —13 volts 
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MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 0.5 megohm 

* Rating may be as high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 


6BD4 

6BD4A 


Refer to chart at end of section. 


6BD6 


Refer to chart at end of section. 


6BD11 Refer to chart at end of section. 

6BE3 For replacement use type 6BE3/6BZ3. 


/£D *70 HALF-WAVE 

0Dt:O/0D£'3 VACUUM RECTIFIER 

12BE3, 

17BE3/17BZ3 

Duodecar type used as damper tube in horizontal-de- NC(3^ 
flection circuits of color and black-and-white television ( 
receivers. Outlines section, 8D; requires duodecar 12- 
contact socket. Types 12BE3 and 17BE3/17BZ3 are 
identical with type 6BE3/6BZ3 except for heater ratings. 



12GA 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Direct Interelectrode Capacitances (Approx.) : 

Plate to Cathode, and Heater . 

Cathode to Heater, and Plate . 

Heater to Cathode . 


17BE3/ 

6BE3/6BZ3 12BE3 17BZ3 


12.6 

16.8 

volts 

0.6 

0.46 

ampere 

11 

11 

seconds 


10 

pF 


8 

PF 


3.4 

PF 


Damper Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 5000 

Peak Plate Current . 1200 

Average Plate Current . 200 

Plate Dissipation . 6.5 

Heater-Cathode Voltage: 

Peak value . +300 —5000 

Average value . -j-100 —900 


volts 

mA 

mA 

watts 

volts 

volts 


CHARACTERISTIC Instantaneous Value 

Tube Voltage Drop for dc plate current of 350 mA . 25 volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6BE6 PENTAGRID CONVERTER 

12BE6 

Miniature type used as converter in AM and FM re¬ 
ceivers. Outlines section, 5C; requires miniature 7-con¬ 
tact socket. For general discussion of pentagrid types, 
see Frequency Conversion in Electron Tube Applications 
section. Type 12BE6 is identical with type 6BE6 except 
for heater ratings. 


6BE6 


Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.3 



12BE6 

12.6 volts 

0.15 ampere 
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Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.3 to Plate . 

Grid No.3 to Grid No.l . 

Grid No.l to Plate . 

Grid No.3 to All Other Electrodes . 

Grid No.l to All Other Electrodes . 

Plate to All Other Electrodes . 

Grid No.l to Cathode and Grid No.5 . 

Cathode and Grid No.5 to All Other Electrodes 
except Grid No.l . 
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±200 max 

±200 max 

volts 

100 max 

100 max 

volts 

Unshielded 

Shielded* 


0.30 max 

0.25 max 

PF 

0.15 max 

0.15 max 

PF 

0.10 max 

0.05 max 

pF 

7 

7 

PF 

5.5 

5.5 

pF 

8.0 

13.0 

pF 

3 

3 

PF 

15 

20 

pF 


■ With external shield connected to cathode and grid No.5. 


Converter 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 volts 

Grids-No.2-and-No.4 (Screen-Grid) Voltage . 110 volts 

Grids-No.2-and-No.4 Supply Voltage . 330 volts 

Cathode Current . 15.5 mA 

Plate Dissipation . 1.1 watts 

Grids-No.2-and-No.4 Input . 1.1 watts 

Grid-No.3 Voltage: 

Negative-bias value . 55 volts 

Positive-bias value . 0 volts 

Heater-Cathode Voltage: 

Peak value . 200 volts 

Average value . 100 volts 


TYPICAL OPERATION (Separate Excitation)* 

Plate Voltage . 

100 

250 

volts 

Grids-No.2-and-No.4 (Screen-Grid) Voltage . 

100 

100 

volts 

Grid-No.l (Oscillator-Grid) Voltage (rms) . 

10 

10 

volts 

Grid-No.3 (Control-Grid) Voltage . 

—1.5 

—1.5 

volts 

Grid-No.l (Oscillator-Grid) Resistor . 

20000 

20000 

ohms 

Plate Resistance (Approx.) . 

0.4 

1 

megohm 

Conversion Transconductance . 

455 

475 

/imhos 

Plate Current . 

2.6 

2.9 

mA 

Grids-No.2-and-No.4 Current . 

7.0 

6.8 

mA 

Grid-No.l Current .. 

0.5 

0.5 

mA 

Cathode Current .. 

10.1 

10.2 

mA 

Grid-No.3 Voltage for conversion transconductance 
of 10 jtimhos . 

—30 

—30 

volts 


NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately 7250 jumhos under the following conditions: grids No.l 
and No.3 at 0 volts ; grids No.2 and No.4 and plate at 100 volts. Under the same conditions, 
the cathode current is 25 mA, and the amplification factor is 20. Grid-No.l voltage (Approx.) 
for plate current of 10 /tA is —11 volts. 

* The characteristics shown with separate excitation correspond very closely with those ob¬ 
tained in a self-excited circuit operating with zero bias. 


Installation and Application 

Because of the special structural arrangement of the 6BE6, a change 
in signal-grid voltage produces little change in cathode current. Conse¬ 
quently, an rf voltage on the signal grid produces little modulation of the 
electron current flowing in the cathode circuit. This feature is important 
because it is desirable that the impedance in the cathode circuit should 
produce little degeneration or regeneration of the signal-frequency input 
and intermediate-frequency output. Another important feature is that, 
because signal-grid voltage has very little effect on the space charge near 
the cathode, changes in avc bias produce little change in oscillator trans¬ 
conductance and in the input capacitance of grid No.l. There is, therefore, 
little detuning of the oscillator by avc bias. 

A typical self-excited oscillator circuit employing the 6BE6 is given 
in the Circuits section. 

In the 6BE6 operation characteristics curves with self-excitation, E k is 
the voltage across the oscillator-coil section between cathode and ground; 
Eg is the oscillator voltage between cathode and grid. 
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OPERATION CHARACTERISTICS 

WITH SELF-EXCITATION 



*»CM-6625T 


OPERATION CHARACTERISTICS 



92CM-6624T 


6BF5 Refer to chart at end of section. 

6BF6 Refer to chart at end of section. 


6BF11 BEAM POWER TUBE— 

i2bfii, i7bfii, 24bfii SHARP-CUTOFF PENTODE 

Duodecar type used as combined detector and amplifier 
tube in color and black-and-white television receivers. 
The dual-control, sharp-cutoff pentode unit is used as 
an FM detector and the beam power unit as an af output 
amplifier. Outlines section, 8C; requires duodecar 12- 
contact socket. Types 12BF11, 17BF11 and 24BF11 are 
identical with type 6BF11 except for heater ratings. 


6 2p Pp 



12EZ 


6BF11 12BF11 17BF11 24BF11 

Heater Voltage (ac/dc) . 6.3 12.6 16.8 24.2 

Heater Current . 1.2 0.6 0.45 0.315 

Heater Warm-up Time (Average) — 11 11 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max ±200 max ±200 max 

Average value . 100 max 100 max 100 max 100 max 


Direct Interelectrode Capacitances: 

Pentode Unit: 

Grid No.l to Plate.. 0.36 

Grid No.3 to Plate.. 3.2 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 6.5 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate, 

and Internal Shield . 8 

Grid No.l to Grid No.3 . 0.11 

Beam Power Unit: 

Grid No.l to Plate. 0.24 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 13 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 10 

Pentode Plate to Beam Power Plate . . 0.13 


volts 

amperes 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

PF 

pF 

pF 

pF 

pF 
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Beam Power Unit as Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 165 volts 

Grid-No.2 (Screen-Grid) Voltage . 150 volts 

Average Cathode Current . 65 iftA 

Plate Dissipation . 6.5 watts 

Grid-No.2 Input . 1.8 watts 

TYPICAL OPERATION 

Plate Voltage . 145 volts 

Grid-No.2 Voltage . 110 volts 

Grid-No.l (Control-Grid) Voltage . —6 volts 

Peak AF Grid-No.l Voltage . 6 volts 

Zero-Signal Plate Current . 36 mA 

Maximum-Signal Plate Current . 40 mA 

Zero-Signal Grid No.2 Current . 3 mA 

Maximum-Signal Grid-No.2 Current . 9 mA 

Plate Resistance (Approx.) . 0.03 megohm 

Transconductance . 8600 /imhos 



Load Resistance . 3000 ohms 

Total Harmonic Distortion . 10 per cent 

Maximum-Signal Power Output . 2.4 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 0.5 megohm 


Pentode Unit as Class A x Amplifier 


CHARACTERISTICS 


Plate Supply Voltage . 

Grid No.3 (Control-Grid) . 

Grid-No.2 (Screen-Grid) Supply Voltage 

Grid No.l (Control Grid) . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance, Grid No.l to Plate . 
Transconductance, Grid No.3 to Plate . 

Plate Current . 

Grid-No.2 Current . 


. 150 volts 

Connected to negative end of cathode resistor 

. 100 volts 

Connected to negative end of cathode resistor 

. 560 ohms 

. 0.15 megohm 

. 1000 /imhos 

. 400 /nnhos 

. 1.3 mA 

. 2 mA 


Grid-No.l Voltage (Approx.) for plate current of 10 fiA 


—4.5 volts 


Grid-No.3 Voltage (Approx.) for plate current of 10 jjlA . —4.5 volts 


Pentode Unit as FM Sound Detector 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 Voltage . 28 volts 

Grid No.2 Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 1.7 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 1.1 watts 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 
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MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation .. 0.25 

For cathode-bias operation . 0.5 


6BG6G 

6BG6GA 


a. 

2 , 
<20 


TYPE 6BFII 

PENTODE UNIT 

DC GRID-No.3 VOLTAGE (ECx^OV 
DC GRID-No.2 V0 LTAGE(Ec 2 )=I00V 

* 




z 


/ 

r 


_ _ 


'fa 





—n T -' 2 

-4 


1 1 1— 



100 


PLATE V0LTS s _ i3tm 


Refer to chart at end of section. 


6BH3 


Refer to chart at end of section. 


6BH3A 


Refer to chart at end of section. 


megohm 

megohm 


6BH6 SHARP-CUTOFF PENTODE 

Miniature type used as rf amplifier particularly in 
ac/dc receivers and in mobile equipment where low 
heater-current drain is important. It is particularly 
useful in high-frequency, wide-band applications. 
Outlines section, 5C; requires miniature 7-contact 
socket. 



7CM 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances:" 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield . 


6.3 

volts 

0.15 

ampere 

±:90 max 

volts 

0.0035 max 

pF 

5.4 

PF 

4.4 

pF 


■ Without external shield, or with external shield connected to cathode. 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 300 volts 

Grid-No.2 (Screen-Grid) Voltage . See curve page 300 

Grid-No.2 Supply Voltage . 300 volts 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 50 volts 

Positive-bias value . 0 volts 

Plate Dissipation . 3 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 0.5 watt 

For grid-No.2 voltages between 150 and 300 volts . See curve page 300 


CHARACTERISTICS 

Plate Voltage . 

Grid No.3 . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Plate Resistance (Approx.) . 

Transconductance .. 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
10 fiA ... 


100 

250 

volts 

Connected 

to cathode 

at socket 

100 

150 

volts 

—1 

—1 

volt 

0.7 

1.4 

megohms 

3400 

4600 

/imhos 

3.6 

7.4 

mA 

1.4 

2.9 

mA 

—5 

—7.7 

volts 





























Technical Data 


197 


Refer to chart at end of section. 


MEDIUM-MU TWIN TRIODE— ZDUII 
®'p SHARP-CUTOFF PENTODE OBIII I 

Duodecar type used in color and black-and-white tele¬ 
vision receiver applications. The triode units are used 
Pp for general-purpose applications, and the pentode unit 
p G3p is used for horizontal-deflection service. Outlines sec¬ 
ts P tion, 8B; requires duodecar 12-contact socket. Heater: 
volts (ac/dc), 6.3; amperes, 0.8; maximum heater- 
cathode volts, ±200 peak, 100 average. 

Pentode Unit as Horizontal-Deflection Oscillator 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 

Peak negative value . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, Positive-bias Value . 

Plate Dissipation . 


Each Triode Unit 


CHARACTERISTICS 

Plate Voltage . 

Grid-No. 2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 
of 10 4 uA . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 



330 

volts 


0 

volts 


2.5 

watts 


Each 


ntode Unit 

Triode Unit 


125 

125 

volts 

125 

— 

volts 

—1 

—1 

volt 

— 

46 


200000 

5400 

ohms 

7500 

8500 

/imhos 

12 

13.5 

mA 

4 

— 

m A 

—8 

—8 

volts 

2.2 

2.2 

megohms 

2.2 

2.2 

megohms 


Refer to chart at end of section. 


REMOTE-CUTOFF PENTODE 6BJ6 

Miniature type used as rf amplifier in high-frequency 
and wide-band applications. Features high transcon¬ 
ductance and low grid-to-plate capacitance. Outlines 
70 M section, 5C; requires miniature 7-contact socket. 


Heater Voltage (ac/dc) . 6-3 volts 

Heater Current . 0.15 ampere 

Peak Heater-Cathode Voltage . ±90 max volts 

Direct Interelectrode Capacitances:" 

Grid No.l to Plate . 0.0035 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 4.5 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 5.5 pF 


■ Without external shield, or with external shield connected to cathode. 
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Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.2 Supply Voltage . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts . . 
Grid-No. 1 (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

CHARACTERISTICS 

Plate Voltage . 

Grid No.3 . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Plate Resistance (Approx.) .. 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for transconductance of 
10 /mihos . 


300 volts 

See curve page 300 
300 volts 

3 watts 

0.6 watt 

See curve page 300 

50 volts 

0 volts 


100 

250 

volts 

Connected 

to cathode 

at socket 

100 

100 

volts 

—1 

—1 

volt 

0.25 

1.3 

megohms 

3650 

3600 

/tmhos 

9 

9.2 

mA 

3.5 

3.3 

mA 

—20 

—20 

volts 


6BJ6A 


Refer to chart at end of section. 
For replacement use type 6BJ6. 


6BJ7 


Refer to chart at end of section. 


6BJ8 


TWIN DIODE— 
MEDIUM-MU TRIODE 


Miniature type used in black-and-white and color tele¬ 
vision receiver applications. The diode units are used 
in phase-detector, phase-comparator, ratio-detector or 
discriminator, and horizontal afc discriminator circuits. 

The triode unit is used in phase-splitter, audio-fre¬ 
quency amplifier, vertical-deflection amplifier, and low- 
frequency oscillator applications. Outlines section, 6E; requires miniature 
9-contact socket. 



Heater Voltage (ac/dc) .. 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value .,.... 

Average value .. 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Diode Units: 

Plate to Cathode and Heater (Each Unit) . 

Cathode to Plate and Heater (Each Unit) . 

Plate of Unit No.l to Plate of Unit No.2 . 

Plate of Diode Unit No.l to Triode Grid . 

Plate of Diode Unit No.2 to Triode Grid . 

Plate of Either Diode Unit to All Other Electrodes . 

Cathode of Either Diode Unit to All Other Electrodes . 

Triode Unit as Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

\Plate Voltage . 

Grid Voltage, Positive-bias value . 

Average Cathode Current . 

Plate Dissipation . 


CHARACTERISTICS 

Plate Voltage . 90 

Grid Voltage . 0 

Amplification Factor . 22 

Plate Resistance (Approx.) . 4700 

Transconductance . 4700 


6.3 

volts 

0.6 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

2.6 

pF 

2.8 

pF 

0.31 

PF 

1.9 

pF 

4.6 

PF 

0.06 max 

PF 

0.07 max 

pF 

0.11 max 

PF 

3 

pF 

4.8 

pF 


330 

volts 

0 

volts 

22 

mA 

4 

watts 

250 

volts 

—9 

volts 

20 


7150 

ohms 

2800 

/zmhos 
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Plate Current . 13.5 8 

Plate Current for grid voltage of —12.5 volts . — 1.7 

Grid Voltage (Approx.) for plate current of 10 fiA . . —7 -—18 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 1 


Triode Unit as Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Voltage . 330 

Peak Positive-Pulse Plate Voltage# . 1200 

Peak Negative-Pulse Grid Voltage . 275 

Peak Cathode Current . 77 

Average Cathode Current . 22 

Plate Dissipation . 4 


mA 

mA 

volts 

megohm 


volts 

volts 

volts 

mA 

mA 

watts 


MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Diode Units 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Current (Each Unit) : 


Peak . 54 mA 

Average .. 9 mA 



Refer to chart at end of section. 


6BK4 

6BK4A 

6BK4B 



8GC 


BEAM TRIODE 


6BK4C/ 

6EL4A 


Glass octal type used for the voltage regulation of 
high-voltage, low-current dc power supplies in color 
and black-and-white television receivers. Outlines sec¬ 
tion, 21B; requires octal socket. Socket terminals 3, 4, 
6, and 8 should not be used for tie points. For high 
voltage and X-ray safety considerations, refer to page 
93. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.2 ampere 

Peak Heater-Cathode Voltage . —450* max volts 

Direct Interelectrode Capacitances (Approx.) 

Grid to Plate . 0.03 pF 

Grid to Cathode and Heater . 2.6 pF 

Plate to Cathode and Heater . 1 pF 
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Shunt Voltage-Regulator Service 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Unregulated DC Supply Voltage . 

DC Grid Voltage . 

Peak Grid Voltage* . 

Average Plate Current . . 

Plate Dissipation . 

TYPICAL OPERATION 

Unregulated DC Supply Voltage . 

Equivalent Resistance of Unregulated Supply . 

Voltage Divider Values: 

Ri (5 watts) . 

Ra (2 watts) . 

Rs (0.5 watt) . 

DC Reference Voltage Supply.. 

Equivalent Resistance of Reference Voltage . 

Effective Grid-Plate Transconductance . 

DC Plate Current for Load Current of 0 mA . 

DC Plate Current for Load Current of 1 mA . 

Regulated DC Output Voltage for Load Current of 0 mA 
Regulated DC Output Voltage for Load Current of 1 mA 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 


27000 

volts 

60000 

volts 

—135 

volts 

—440 

mA 

1.6 

mA 

40 

watts 

36000 

volts 

11 

megohms 

220 

megohms 

1 

megohm 

0.82 

megohm 

200 

volts 

1000 

ohms 

200 

/zmhos 

1000 

uA 

45 

fiA 

25000 

volts 

24500 

volts 

3 

megohms 


■ For interval of 20 seconds maximum duration during equipment warm-up period. 


X-RADIATION CHARACTERISTIC 


X-Radiation, Maximum: 

Statistical value controlled on a 

lot sampling basis . 


0.5 

mR/hr 

CHARACTERISTICS RANGE VALUES 

Note 

Min 

Max 


Grid Voltage (1) . 

. 1 

—7 

— 

volts 

Grid Voltage (2) . 

. 2 

— 

—40 

volts 

Grid-Voltage Change . 

. 3- 

— 

9 

volts 


Note 1: With dc plate voltage of 30000 volts and dc plate current of 1 mA. 


Note 2: With dc plate voltage of 30000 volts and dc plate current of 0.1 mA. 

Note 3: Difference between grid voltage (1) and grid voltage (2). 

Caution—Operation of this tube outside of the' maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


AVERAGE TRANSFER 
CHARACTERISTICS 



92CS-8432T3 

* Series impedence should be used with the cathode to limit the cathode current under pro¬ 
longed short-circuit conditions to 450 mA. 
t Without external shield. 
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Refer to chart at end of section. 
Refer to chart at end of section. 


6BK5 

6BK7A 



6BK7B 


MEDIUM-MU TWIN TRIODE 

5BK7A 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners and in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re¬ 
quires miniature 9-contact socket. For typical opera¬ 
tion as a resistance-coupled amplifier, refer to Resist¬ 
ance-Coupled Amplifier section. Type 5BK7A is identi¬ 
cal with type 6BK7B except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances : 

Grid to Plate . 

Grid to Cathode, Heater, and Internal Shield 
Plate to Cathode, Heater, and Internal Shield 
Cathode to Grid, Heater, and Internal Shield 
Plate to Grid, Heater, and Internal Shield . . 

Plate to Cathode . 

Heater to Cathode .. 

Grid of Unit No.l to Grid of Unit No.2 .... 
Plate of Unit No.l to Plate of Unit No.2 . . 


Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Value) 

Plate Voltage . 

Grid Voltage, Negative-bias value . 

Plate Dissipation . 

CHARACTERISTICS 

Plate Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 fiA . 

Refer to chart at end of section. 


5BK7A 

6BK7B 


4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200*max 

±200*max 

volts 

100 max 

100 max 

volts 

Unit No.l 

Unit No.2 


1.8 

1.8 

pF 

3 

3 

pF 

1 

0.9 

pF 

6 

6 

PF 

2.4 

2.4 

pF 

0.22 

0.22 

pF 

2.8 

3 

pF 


0.004 max 

pF 


0.075 max 

PF 

>ns when tube is used as a 

cascode 

» negative with respect to 

cathode. 


300 

volts 

50 

volts 

2.7 

watts 

150 

volts 

56 

ohms 

43 


4600 

ohms 

9300 

/zmhos 

18 

mA 

—11 

volts 


6BL4 


Refer to chart at end of section. 


6BL7GT 



8BD 


MEDIUM-MU TWIN TRIODE 6BL7GTA 

Glass octal type used as combined vertical-deflection 
amplifier and vertical-deflection oscillator in color and 
black-and-white television receivers. When so operated, 
it is recommended that unit No.l (pins 4, 5, and 6) be 
used as the oscillator. Outlines section, 13D; requires 
octal socket. 


Heater Voltage (ac/dc) 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 


6.3 volts 

1.5 amperes 

±200 max volts 

100 max volts 
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Direct Interelectrode Capacitances 

(Approx.) 

Unit No. 1 

Unit No. 2 


Grid to Plate . 



6 

6 

pF 

Grid to Cathode and Heater 



4.2 

4.6 

pF 

Plate to Cathode and Heater 

Class Ai Amplifier 

0.9 

0.9 

pF 

CHARACTERISTICS (Each Unit) 

Plate Voltage . 


150 

250 

250 

volts 

Grid Voltage . 


0 

—17 

—9 

volts 

Amplification Factor . 


, — 

— 

15 


Plate Resistance (Approx.) . 


— 

— 

2150 

ohms 

Transconductance . 


. . . — 

— 

7000 

/imhos 

Plate Current . 

Grid Voltage (Approx.) for plate current of 

65- 

4 

40 

mA 

50 fiA . 


— 

— 

—23 

volts 

■ This value can be measured by 
the maximum ratings of the tube 

a method 
will not be 

involving a 
exceeded. 

recurrent 

waveform 

such that 


Vertical-Deflection Oscillator or Amplifier* 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 


Oscillator 

Amplifier 


DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# 


500 

500 

volts 

(Absolute Maximum) . 


— 

2000a 

volts 

Peak Negative-Pulse Grid Voltage . 


400 

250 

volts 

Peak Cathode Current . 


210 

210 

mA 

Average Cathode Current . 

Plate Dissipation: 


60 

60 

mA 

For either plate .. 


10 

10 

watts 

For both plates with both units operating 


12 

12 

watts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 

• Unless otherwise specified, values are for each unit. 

4.7 

4.7f 

megohms 

# Pulse duration must not exceed 15% of a 
a Under no circumstances should this absolute 

vertical 
value be 

scanning 

exceeded. 

cycle (2.5 

milliseconds). 


t For cathode-bias operation. 


6BL8 


Refer to chart at end of section. 


6BL8/ 

ECF80 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


4BL8/XCF80 

Miniature type used in frequency-changer service in 
color and black-and-white television receivers. Outlines 
section, 6B; require miniature 9-contact socket. Type 
4BL8/XCF80 is identical with type 6BL8/ECF80 ex¬ 
cept for heater ratings. 



Heater Voltage (ac/dc) 

Heater Current . 

Peak Heater-Cathode Voltage 


4BL8/ 6BL8/ 

XCF80 ECF80 

4.6 6.3 volts 

0.6 0.45 ampere 

±100 max ±100 max volts 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) Triode Unit 

Plate Supply Voltage . 550 

Plate Voltage . 250 

Grid-No.2 (Screen-Grid) Supply Voltage . — 

Grid-No.2 Voltage: 

With cathode current of 14 mA . — 

With cathode current less than 10 mA . — 

Cathode Current . 14 

Plate Dissipation . 1.5 

Grid-No.2 Input: 


With plate dissipation greater than 1.2 watts . . 
With p.late dissipation less than 1.2 watts 


Pentode Unit 

550 

250 

550 

175 

200 

14 

1.7 


0.5 

0.75 


volts 

volts 

volts 

volts 

volts 

mA 

watts 

watt 

watt 
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CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Mu-Factor, Grid No.2 to Grid No.l . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Input Resistance at frequency of 50 MHz 
Equivalent Noise Resistance . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


100 

170 

volts 

_ 

170 

volts 

—2 

—2 

volts 

20 

— 


— 

47 


— 

0.4 

megohm 

5000 

6200 

/imhos 

14 

10 

mA 

— 

2.8 

mA 

— 

0.01 

megohm 

— 

1500 

ohms 


0.5 

0.5 

megohm 

0.5 

1 

megohm 


6BM8/ 

ECL82 


Heater Voltage . 

Heater Current . 

Peak Heater Cathode Voltage 


HIGH-MU TRIODE— ECL82 

H <L POWER PENTODE 50BM8/UCL82 

Miniature type used in color and black-and-white tele- 
C|p (3)^±r^^%2) G2, ’vision receiver applications. The pentode unit is used 
~1fpf :== ;h[), as an audio output tube, and the triode unit as an 
K P .Gap k t oscillator and af voltage amplifier. Outlines section. 
,S 0 s —^0 6G; requires miniature 9-contact socket. Type 50BM8/ 

gt p t UCL82 is identical with type 6BM8/ECL82 except for 

9EX heater ratings. 

6BM8/ 50BM8/ 

ECL82 UCL82 

Heater Voltage . 6.3 50 volts 

Heater Current . 0.78 0.1 ampere 

Peak Heater Cathode Voltage . 100 max ±200 max volts 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit 

Plate Supply Voltage . 550 900 volts 

Plate Voltage . 300 600 volts 

Grid-No.2 Supply Voltage . — 550 volts 

Grid-No.2 Voltage . — 300 volts 

Cathode Current . 15 50 mA 

Plate Dissipation . 1 7 watts 

Grid-No.2 Input . — 1.8 watts 

CHARACTERISTICS 

Plate Voltage . 100 200 volts 

Grid-No.2 Voltage . — 200 volts 

Grid-No.l Voltage . 0 —16 volts 

Amplification Factor . 70 9.5* 

Plate Resistance (Approx.) . — 0.02 megohm 

Transconductance . 2500 6400 /tmhos 

Plate Current . 3.5 35 mA 

Grid-No.2 Current . — 7 mA 


50BM8/ 

UCL82 

50 

0.1 

±200 max 


Triode Unit Pentode Unit 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 
* Grid No.2 to Grid No.l 


550 

900 

volts 

300 

600 

volts 

— 

550 

volts 

— 

300 

volts 

15 

50 

mA 

1 

7 

watts 

— 

1.8 

watts 

100 

200 

volts 

— 

200 

volts 

0 

-—16 

volts 

70 

9.5* 


— 

0.02 

megohm 

2500 

6400 

/tmhos 

3.5 

35 

mA 


7 

mA 

1 

1 

megohm 

2 

2 

megohms 


Refer to chart at end of section. 



K 


7EG 


6BN4A 

MEDIUM-MU TRIODE 2BN4A, 3BN4A 

Miniature type used as rf amplifier tube in grid-drive 
circuits of vhf color and black-and-white television 
tuners. Outlines section, 5C; requires miniature 7-con¬ 
tact socket. Types 2BN4A and 3BN4A are identical 
with type 6BN4A except for heater ratings. 
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Heat Voltage (ac/dc) . 

Heater Current .... 

Heater Warm-up Time (Average) . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) :* 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

* With external shield connected to cathode. 


2BN4A 

3BN4A 

6BN4A 


2.35 

3 

6.3 

volts 

0.6 

0.45 

0.2 

ampere 

11 

11 

— 

seconds 

±100 max 

±100 max 

±100 max 

volts 



1.2 

pF 


.... 

3.2 

PF 



1.4 

PF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid Voltage, Positive-bias value . 

Cathode Current . 

Plate Dissipaation . 

CHARACTERISTICS 

Plate-Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) .. 

Transconductance .. 

Plate Current . 

Grid Voltage (Approx.) for plate current of 100 fiA . .. 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 


275 

volts 

0 

volts 

22 

mA 

2.2 

watts 

150 

volts 

220 

ohms 

43 


5400 

ohms 

7700 

/imhos 

9 

mA 

—6 

volts 

0.5 

megohm 


6BN6 


Refer to chart at end of section. 


6BN6/6KS6 

3BN6, 4BN6 BEAM TUBE 

Miniature type used as combined limiter, discriminator, 
and audio-voltage amplifier in intercarrier television 
and FM receivers. Outlines section, 5D; requires mini¬ 
ature 7-contact socket. Types 3BN6 and 4BN6 are iden¬ 
tical with type 6BN6/6KS6 except for heater ratings. 7DF 


Heater 

Voltage (ac/dc) . 

3BN6 

3.15 

4BN6 

4.2 

6BN6/6KS6 

6.3 

12BN6 

12.6 

volts 

Heater 

Current . 

0.6 

0.45 

0.3 

0.15 

ampere 

Heater 

age) 

Warm-up Time (Aver- 

11 

11 

— 

_ 

seconds 


Heater-Cathode Voltage: 

Peak value. ±200 max ±200 max ±200 max ±200 max volts 

Average value . 100 max 100 max 100 max 100 max volts 


Direct Interelectrode Capacitances: 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 4.2 pF 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, and 

Internal Shield . 3.3 pF 

Grid No.l to Grid No.3 . 0.004 max pF 

Limiter and Discriminator Service 



MAXIMUM RATINGS (Design-Maximum Values) 


Plate-Supply Voltage . 330 volts 

Grid-No.2 Voltage . 110 volts 

Grid-No. 1 Voltage, Positive peak value . 60 volts 

Cathode Current . 13 mA 


































Technical Data 


205 



TWIN DIODE— 6BN8 

HIGH-MU TWIN TRIODE sbns 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The triode unit is used in 
burst-amplifier, af amplifier, and low-frequency oscil¬ 
lator applications. The diode units are used in phase- 
detector, ratio-detector or discriminator, and horizon¬ 
tal afc discriminator circuits. Outlines section, 6E; 
requires miniature 9-contact socket. Type 8BN8 is 
identical with type 6BN8 except for heater ratings. 


6BN8 8BN8 

Heater Voltage (ac/dc) . 6.3 8.4 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances: 

Triode Grid to Triode Plate . 2.5 

Triode Grid to Cathode and Heater . 3.6 

Triode Plate to Cathode and Heater . 0.25 

Plate of Diode Unit No.l to Triode Grid . 0.06 max 

Plate of Diode Unit No.2 to Triode Grid . 0.1 max 

Plate of Diode Unit No.l to Plate of Diode Unit No.2 . 0.07 max 

Diode Cathode to All Other Electrodes (Each Diode Unit) .... 5 

Diode Plate to Diode Cathode and Heater (Each Diode Unit) .. 1.9 

Diode Cathode to Diode Plate and Heater (Each Diode Unit) . . 4.8 

Diode Plate to All Other Electrodes (Each Diode Unit) . 3 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

PF 

pF 

pF 

PF 

pF 

pF 


Triode Unit as Class A t Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage .. 

Grid Voltage, Positive-bias value . 

Plate Dissipation . 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 fiA 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 



330 

volts 


0 

volts 


1.7 

watts 

100 

250 

volts 

—1 

—3 

volts 

75 

70 


21000 

28000 

ohms 

3500 

2500 

/imhos 

1.5 

1.6 

mA 

—2.5 

—5.5 

volts 


1 

megohm 


Diode Units 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Current (Each Unit) : 

Peak . 

Average . 


54 mA 

9 mA 
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6BN11 


SHARP-CUTOFF 
TWIN PENTODE 


Duodecar type used as if-amplifier tube in television 
receivers. Outlines section, 8B; requires duodecar 12- 
contact socket. 



Heater Voltage . 6.3 volts 

Heater Current . 0.8 ampere 

Heater Warm-up Time . — seconds 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 3.1 watts 

Grid-No.2 Input . 0.65 watt 

CHARACTERISTICS 

Plate Voltage . 125 volts 

Grid No.3 (Suppressor Grid) . Connected to cathode at socket 

Grid-No.2 Voltage . 125 volts 

Cathode-Bias Resistor . 56 ohms 

Plate Resistance (Approx.) . 0.2 megohm 

Transconductance . 13000 jumhos 

Plate Current . 11 mA 

Grid-No.2 Current . 3.8 mA 

Grid-No.l Voltage (Approx.) for plate current of 20 n A . —3 volts 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance, for cathode-bias operation . 0.25 megohm 


6BQ5 


For replacement use type 6BQ5/EL84. 


6BQ5/EL84 

8BQ5, 10BQ5 POWER PENTODE 

Miniature type used in the output stage of audio-fre¬ 
quency amplifiers. Outlines section, 6G; requires mini¬ 
ature 9-contact socket. Types 8BQ5 and 10BQ5 are 
identical with type 6BQ5/EL84 except for heater rat¬ 
ings. 



6BQ5/EL84 8BQ5 


Heater Voltage (ac/dc) . 6.3 8 

Heater Current. 0.76 0.6 

Heater Warm-up Time (Average) . — 11 

Heater-Cathode Voltage: 

Peak value . ±100 max ±100 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 

Grid No.l to Heater . 


10BQ5 

10.6 

0.45 

11 

±100 max 
100 max 


0.5 max 
10.8 
6.5 

0.25 max 


volts 

ampere 

seconds 

volts 

volts 


pF 

PF 

pF 

PF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 


Plate Voltage . 300 volts 

Grid-No.2 (Screen-Grid) Voltage . 300 volts 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Cathode Current . 65 mA 
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Plate Dissipation . 12 watts 

Grid No. 2 Input . 2 watts 

TYPICAL OPERATION 

Plate Voltage . 250 volts 

Grid-No.2 Voltage . 250 volts 

Grid-No.l (Control-Grid) Voltage . —7.3 volts 

Peak AF Grid No.l Voltage . 6.2 volts 

Zero-Signal Plate Current . 48 mA 

Maximum-Signal Plate Current . 50.6 mA 

Zero-Signal Grid-No.2 Current . 5.5 mA 

Maximum-Signal Grid-No.2 Current . 10 mA 

Plate Resistance (Approx.) . 38000 ohms 

Transconductance . 11300 /rnihos 

Load Resistance . 4500 ohms 

Total Harmonic Distortion . 10 per cent 

Maximum-Signal Power Output . 5.7 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.-Circuit Resistance: 

For fixed-bias operation . 0.3 megohm 

For cathode-bias operation . 1 megohm 


Push-Pull Class AB X Amplifier 

MAXIMUM RATINGS (Same as for Single-Tube Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Peak AF Grid-No. 1-to-Grid-No.l Voltage 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load Resistance (Plate-to-plate) 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 


For fixed-bias operation . 0.3 megohm 

For cathode-bias operation . 1 megohm 

Refer to chart at end of section. 6BQ6GT 




6BQ6GTB 

BEAM POWER TUBE /6CU6 

12BQ6GTB/12CU6, 

25BQ6GTB/25CU6 

Glass octal type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out¬ 
lines section, 14D; requires octal socket. This type may 


6AM be supplied with pin No.l omitted. Types 12BQ6GTB/ 

12CU6 and 25BQ6GTB/25CU6 are identical with type 6BQ6GTB/6CU6 ex¬ 


cept for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 
Plate to Cathode, Heater, Grid No.2, and 


GBQ6GTB/ 

12BQ6GTB/ 

25BQ6GTB/ 


6CU6 

12CU6 

25CU6 


6.3 

12.6 

25 

volts 

1.2 

0.6 

0.3 

ampere 

— 

11 

— 

seconds 

. ±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 



0.6 

pF 

and Grid No.3 . 

15 

pF 

Grid No.3 . 


7 

pF 
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Class A t Amplifier 


CHARACTERISTICS 

Plate Voltage .. 

Grid-No. 2 Voltage . 

Grid-No. 1 Voltage . 

Mu-Factor, Grid No.2 to Grid No.l . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate mA = 1 . 

• These values can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 


60 

150 

250 

volts 

150 

150 

150 

volts 

0 

—22.5 

—22.5 

volts 

— 

4.3 

14500 

ohms 

— 

— 

5900 

/onhos 

260* 

— 

57 

mA 

26* 

— 

2.1 

mA 

— 

— 

—43 

volts 

a recurrent 

waveform such 

that the 


Horizontal-Deflection Amplifier 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 600 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum) . 6000t 

Peak Negative-Pulse Plate Voltage . 1250 

DC Grid-No.2 (Screen-Grid) Voltage . 200 

Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage . 300 

Peak Cathode Current . 400 

Average Cathode Current . 110 

Plate Dissipation" . 11 

Grid-No.2 Input . 2.5 

Bulb Temperature (At hottest point) . 220 


volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 0.47 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
t Under no circumstances should this absolute value be exceeded. 

* A bias resistor or other means is required to protect the tube in absence of excitation. 


6BQ7 


Refer to chart at end of section. 

For replacement use type 6BQ7A/6BZ7/6BS8. 


6BQ7A For replacement use type 6BQ7A/6BZ7/6BS8. 


6BQ7A/ 

6BZ7/ 

6BS8 

4BQ7A/4BZ7, 

5BQ7A MEDIUM-MU TWIN TRIODE 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re¬ 
quires miniature 9-contact socket. For typical opera¬ 
tion as a resistance-coupled amplifier, refer to Resist¬ 
ance-Coupled Amplifier section. Types 4BQ7A/4BZ7 
and 5BQ7A are identical with type 6BQ7A/6BZ7/6BS8 
except for heater ratings. 



9AJ 



4BQ7A/ 

6BQ7A/6BZ7/ 



4BZ7 

5BQ7A 

6BS8 


Heater Voltage (ac/dc) . 

. 4.2 

5.6 

6.3 

volts 

Heater Current . 

. 0.6 

0.45 

0.4 

ampere 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

. 11 

11 

— 

seconds 

Peak value . 


±200*max 

d=200*max 

volts 

Average value . 


100 max 

100 max 

volts 




























Technical Data 


Direct Interelectrode Capacitances :* 

Grid to Plate . 

Grid to Cathode, Heater, and Internal Shield . . 
Cathode to Grid, Heater, and Internal Shield . . 
Plate to Cathode, Heater, and Internal Shield 
Plate to Grid, Heater, and Internal Shield 

Plate to Cathode . 

Heater to Cathode . 


* With external shield connected to internal shield. 
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lit No.l Unit No.2 

1.2 1.2 

PF 

2.6 — 

PF 

— 5 

PF 

1.2 — 

pF 

— 2.2 

pF 

0.12 0.12 

PF 

2.6 2.6 

pF 

.... 0.010 max 

PF 

.... 0.024 max 

PF 

when tube is used as 

a cascode 

negative with respect to cathode. 


Class Amplifier (Each Unit) 


MAXIMUM RATINGS (Design-Center Values) 


Plate Supply Voltage . 

Cathode Current. 

Plate Dissipation . 

CHARACTERISTICS 

Plate Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . . . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) : 

For plate current of 100 //A 
For plate current of 10 /iA 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 


250+ 

volts 

20 

mA 

2 

watts 

150 

volts 

220 

ohms 

38 


5900 

ohms 

6400 

fim hos 

9 

mA 

—6.5 

volts 

— 

volts 

0.5 

megohm 


* Rating may be high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 




HALF-WAVE 
VACUUM RECTIFIER 


6BR3/ 

6RK19 


17BR3/ 17RK19 

Miniature type used as damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec¬ 
tion, 7D; requires miniature 9-contact socket. Type 
17BR3/17RK19 is identical with type 6BR3/6RK19 ex¬ 
cept for heater ratings. 




6BR3/ 

17BR3/ 




6RK19 

17RK19 


Heater 

Voltage (ac/dc) . 

. 6.3 

16.8 

volts 

Heater 

Current . 

. 1.2 

0.45 

ampere 

Heater 

Warm-up Time . 

. — 

11 

seconds 
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Damper Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# ... 

Peak Plate Current . 

Average Plate Current . 

Plate Dissipation .. 

Heater-Cathode Voltage: 

Peak value . . +300 

Average value . +100 

Bulb Temperature (At hottest point) . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage. Drop for plate current of 250 mA 


5500 

1200 

200 

6.5 

—6500 

—900 

180 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


volts 

mA 

mA 

watts 

volts 

volts 

•c 


volts 


6BR8 


6BR8A 


Refer to chart at end of section. 

For replacement use type 6BR8A/6FV8A. 

For replacement use type 6BR8A/6FV8A. 


6BR8A/ 

6FV8A MEDIUM-MU TRIODE— 

5BR8/5FV8 SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. Especially useful as com¬ 
bined triode oscillator and pentode mixer in vhf tele¬ 
vision tuners. Outlines section, 6B; requires miniature 
9-contact socket. Except for basing arrangement and 
grid-No.l-to-plate capacitance of pentode unit, types 
5BR8/5FV8 and 6BR8A/6FV8A are identical with 
types 5U8 and 6U8A, respectively. 



6BS3 


Refer to chart at end of section. 
For replacement use type 6BS3A. 


6BS3A 

12BS3A/ 

12DW4A, 17BS3A 
17BS3A/ 17DW4 A 


HALF-WAVE 
VACUUM RECTIFIER 



Novar type used as damper tube in horizontal-de¬ 
flection circuits of black-and-white television receivers. 

Outlines section, 30B; requires novar 9-contact socket. 

Socket terminals 1, 3, 6, and 8 should not be used as tie points; it is recom¬ 
mended that socket clips for these pins be removed to reduce the possibility 
of arc-over and to minimize leakage. These tubes, like other power-handling 
tubes, should be adequately ventilated. Types 12BS3A/12DW4A, 17BS3A, 
and 17BS3A/17DW4A are identical with type 6BS3A except for heater 
ratings. 


17BS3A 

6BS3A 12BS3A/ 17BS3A/ 
12DW4A 17DW4A 


Heater Voltage (ac/dc) .. 

6.3 

12.6 

16.8 

volts 

Heater Current .. 

1.2 

0.6 

0.45 

amperes 

Heater Warm-up Time (Average) . 

— 

11 

11 

seconds 

Direct Interelectrode Capacitances (Approx.) : 

Plate to Cathode and Heater . 



6.5 

PF 

Cathode to Plate and Heater . 



9 

PF 

Heater to Cathode . 



2.8 

PF 
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Damper Service 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Plate Dissipation . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 140 mA . 12 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


. 5000 volts 

. 1100 mA 

. 200 mA 

. 6 watts 

+300 —5000 volts 

+100 —900 volts 


Refer to chart at end of section. 

For replacement use type 6BQ7A/6BZ7/6BS8. 


6BS8 



H 

H 

(?) ^-P3p2 

(+ 


PP2 ®1 


G z®V 


is A 

p —— '-''Q}) 

K 

G3P| 


9FG 


SHARP-CUTOFF 
TWIN PENTODE 


6BU8 

3BU8/3GS8 

4BU8/4GS8 


Miniature type used as combined sync separator, sync 
clipper, and age amplifier tube in color and black-and- 
white television receivers. Outlines section, 6E; re¬ 


quires miniature 9-contact socket. Types 3BU8/3GS8 


and 4BU8/4GS8 are identical with type 6BU8 except 


for heater ratings. 


3BU8/3GS8 4BU8/4GS8 6BU8 

Heater Voltage (ac/dc) . 3.15 4.2 6.3 

Heater Current . 0.6 0.45 0.3 

Heater Warm-up Time (Average) . 11 11 — 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max ±200 max 

Average value . 100 max 100 max 100 max 


Direct Interelectrode Capacitances: 

Grid No.3 to Plate (Each Unit) . 1.9 

Grid No.l to All Other Electrodes . 6 

Grid No.3 to All Other Electrodes (Each Unit) . 3.6 

Plate to All Other Electrodes (Each Unit) . 3 

Grid No.3 of Unit No.l to Grid No.3 of Unit No.2 . 0.015 max 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage (Each Unit) . 300 

Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 

Peak positive value . 50 

DC negative value. 50 

DC positive value. 3 

Grid-No.2 (Screen-Grid) Voltage . 150 

Grid-No.l (Control-Grid) Voltage, Negative bias value . 60 

Cathode Current . 12 

Plate Dissipation (Each Unit) . 1.1 

Grid-No.2 Input . 0.75 

CHARACTERISTICS (With Both Units Operating) 

Plate Voltage (Each Unit) . 100 100 

Grid-No.3 Voltage (Each Unit) . —10 0 

Grid-No.2 Voltage . 67.5 67.5 

Grid-No.l Voltage . * * 

Plate Current (Each Unit) . — 2.2 

Grid-No.2 Current . 6.5 3.3 

Cathode Current . 6.6 7.8 

CHARACTERISTICS (With One Unit Operating) 

Plate Voltage . 100 100 

Grid-No.3 Voltage . 0 0 

Grid-No.2 Voltage . 67.5 67.5 

Grid-No.l Voltage . 0 * 

Grid-No.3 Transconductance . — 180 

Grid-No.l Transconductance . 1500 — 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 

PF 

pF 


volts 

volts 

volts 

volts 

volts 

volts 

mA 

watts 

watt 


volts 

volts 

volts 

volts 

mA 

mA 

mA 


volts 

volts 

volts 

volts 

/imhos 

/mihos 
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Plate Current . — 

Grid-No.3 Voltage (Approx.) for plate current of 

100 fi A . — 

Grid-No.l Voltage (Approx.) for plate current of 

100 /tA . — 

MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance (Each Unit) . 

Grid-No.l-Circuit Resistance . 

* Adjusted to provide a dc grid-No.l current of 100 microamperes, 
f With plate and grid No.3 of the other unit connected to ground. 


megohm 

megohm 


TYPE 6 BU 8 WITH Eci AS VARIABLE 
GRID-No.3 V0LTS*0 GRID-No.2 V0LTS*675 
PLATE AND GRID No.3 OF OTHER UNIT 
GROUNDF" 


TYPE 6 BU 8 

WITH EC 3 AS VARIABLE 
GRID-No.2 V0LTS=67.5 
GRID-No.l mA= 0.1 . 

\ 


PLATE AND GRID 
No. 3 OF OTHER 
UNIT GROUNDED. 



100 200 300 

PLATE VOLTS 


200 300 

PLATE VOLTS 


400 
92CS-9429T 


Refer to chart at end of section. 


6BV11 


SHARP-CUTOFF 
TWIN PENTODE 


Duodecar type used as color demodulators in color tele¬ 
vision applications. Grid Nos. 1 and 3 may be used as 
independent control electrodes. Outlines section, 8C; 
requires duodecar 12-contact socket. Type 12BV11 is 
identical with type 6BV11 except for heater ratings. 



Heater Arrangement .. S 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.3 to Plate . 

Grid No.l to Heater, Cathode, Grid No.2, Grid No.3, and 

Internal Shield .. 

Grid No.3 to All Other Electrodes . 

Grid No.l to Grid No.3 . 


Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage: 

Positive-bias value ... 

Negative-bias value . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No. 2 Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 

Negative-bias value . ... 

Plate Dissipation . 

Grid-No.3 Input . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts . 


12BV11 

Parallel 

12.6 

0.45 

11 


25 volts 

100 volts 

300 volts 

See curve page 300 


1 watt 

See curve page 300 
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CHARACTERISTICS 

Plate Supply Voltage . 150 volts 

Grid-No.3 Voltage . 0 volt 

Grid-No.2 Supply Voltage . 100 volts 

Cathode Resistor . 180 ohms 

Plate Current . 3.1 mA 

Grid-No.2 Current . 2.4 mA 

Transconductance, Grid No.l . 3200 /*m hos 

Transconductance, Grid No.3 . 390 /rnihos 

Plate Resistance (Approx.) . 0.17 megohm 

Grid-No.l Voltage (Approx.) for plate current of 75 /zA . —3.5 volts 

Grid-No.3 Voltage (Approx.) for plate current of 85 /zA . —5.5 volts 

Amplification Factor . 67 

MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance . 0.68 megohm 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.22 megohm 

For cathode-bias operation . 0.47 megohm 


For replacement use type 6CG3/6BW3/6DQ3. 6BW3 


Refer to chart at end of section. 6BW4 


Refer to chart at end of section. 6BW8 


SHARP-CUTOFF ARW11 

, DUAL PENTODE OBWI I 

^fKzzz Duodecar type used in color and black-and-white tele- 

6| (3y^r^pTlHS) Kp i vision receiver applications. Unit No. 1 is used as a 
video amplifier; unit No. 2 is used in bandpass ampli- 
Kp 2 Qj—^ 2 ) 6, P| fier, burst amplifier, or sound-if or video-if applications. 
h h Outlines section, 8B; requires duodecar 12-contact 

12HD socket. Heater: volts (ac/dc), 6.3; amperes, 0.8; maxi¬ 

mum heater-cathode volts, ±200 peak, 100 average. 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) Unit No.l Unit No.2 

Plate Voltage . 330 330 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 330 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 

Plate Dissipation . 4 3.1 

Grid-No.2 Dissipation . 0.8 0.65 


volts 

volts 

volts 

watts 

watt 


CHARACTERISTICS 

Plate Voltage . 

Grid No.3 (Suppressor Grid) . 

Grid-No.2 Voltage . 

Cathode-Bias Resistor .. 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current. 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
20 /zA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For cathode-bias operation . 


125 125 volts 

Connected to cathode at socket 


125 

125 

volts 

66 

56 

ohms 

0.12 

0.2 

megohm 

8500 

13000 

/zmhos 

22 

11 

mA 

4.8 

3.8 

mA 

—9.5 

—3 

volts 


0.25 0.25 megohm 


Refer to chart at end of section. 


6BX7GT 


Refer to chart at end of section. 


6BY5GA 
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6BY6 PENTAGRID AMPLIFIER 

Miniature type used as a gated amplifier in color tele¬ 
vision receivers. In such service, it may be used as a 
combined sync separator and sync clipper. Outlines 
section, 5C; requires miniature 7-contact socket. 



7CH 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No 8 to Plate . 

Grid No.l to Grid No.3 . 

Grid No. 1 to All Other Electrodes 
Gr»d No.3 to All Other Electrodes 
Plate to All Other Electrodes ... 


6BY6 


6.3 

volts 

0.3 

ampere 

— 

seconds 

±200 max 

volts 

100 max 

volts 

0.08 max 

pF 

0.35 max 

pF 

0.22 max 

pF 

5.4 

pF 

6.9 

pF 

7.6 

PF 


Class Ax Amplifier 


CHARACTERISTICS 

Plate Voltage . 






250 

volts 

Grids-No.2-and-No.4 Voltage . 






100 

volts 

Grid-No.3 Voltage . 






—2.5 

volts 

Grid-No.l Voltage . 






—2.5 

volts 

Grid-No.3-to-Plate Transconductance 






500 

jimhos 

Grid-No. 1-to-Plate Transconductance 






1900 

/imhos 

Plate Current . 






6.5 

mA 

Grids-No.2-and-No.4 Current . 

Grid-No.3 Volts (Approx.) for plate 

current 

of 

35 

tiA 

and 

9 

mA 

grid-No.l volts — —4 . 






—15 

volts 

Grid-No.l Volts (Approx.) for plate 

current 

of 

35 

fiA 

and 



grid-No.3 volts “0 . 






—12 

volts 


Gated Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grids-No.2-and-No.4 Voltage . 

Grids-No.2-and-No.4 Supply Voltage . 

Grid-No.3 Voltage: 

Negative-bias value . 

Positive-bias value . 

Positive peak value . 

Grid-No. 1 Voltage, Negative bias value . 

Plate Dissipation . 

Grid-No.3 Input . 

Grids-No.2-and-No.4 Input: 

For grids-No.2-and-No.4 voltages up to 165 volts . 

For grids-No.2-and-No.4 voltages between 165 and 330 volts .... 
Grid-No. 1 Input . 

CHARACTERISTICS AS SYNC SEPARATOR AND SYNC CLIPPER 

Plate Voltage . 

Grid-No.3 Voltage . 

Grids-No.2-and-No.4 Voltage . 

Grid-No.l Voltage .. 

Plate Current . 

Grids-No.2-and-No.4 Current . # . 

Grid-No.3 Volts (Approx.) for plate voltage of 25 volts, grids-No.2- 
and-No.4 voltage of 25 volts, grid-No.l voltage of 0 volts, and 

plate current of 50 fiA . # . 

Grid-No.l Volts (Approx.) for plate voltage of 25 volts, grids-No.2- 
and-No.4 voltage of 25 volts, grid-No.3 voltage of 0 volts, and 
plate current of 50 fiA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l or Grid-No.3-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


330 

volts 

See curve 

page 300 

330 

volts 

55 

volts 

0 

volts 

27 

volts 

110 

volts 

2.3 

watts 

0.1 

watt 

1.1 

watts 

See curve 

page 300 

0.1 

watt 

10 

volts 

0 

volts 

25 

volts 

0 

volts 

1.4 

mA 

3.5 

mA 

—2.5 

volts 

—2.3 

volts 


0.5 

megohm 

1 

megohm 
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PLATE VOLTS 92CS-8I39TI 

DIODE— 

SHARP-CUTOFF PENTODE 

Miniature type used in television receiver applications. 
The pentode unit is used as an rf amplifier and the 
high-perveance diode as a limiter or detector. Outlines 



9FN section, 6E; requires miniature 9-contact socket. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.6 ampere 

Heater Warm-up Time (Average) . 11 seconds 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances:® 

Pentode Unit: 

Grid No.l to Plate . 0.0035 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 5.5 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 5 pF 

Diode Plate to All Other Electrodes . 4.8* pF 


° With external shield connected to cathode of pentode unit (pin 9), except as noted. 

* With external shield connected to ground. 

Pentode Unit as Class A x Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 

Grid-No.2 (Screen Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 . 

Grid-No.2 Supply Voltage .. 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 

10 nA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 1 megohm 


100 

250 

volts 

Connected to cathode at socket 

100 

150 

volts 

150 

68 

ohms 

0.5 

1 

megohm 

3900 

5200 

/imhos 

5 

10.6 

mA 

2.1 

4.3 

mA 

—4.2 

—6.5 

volts 


300 volts 

0 volts 

300 volts 

See curve page 300 

50 volts 

0 volts 

3 watts 

0.65 watt 

See curve page 300 
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Diode Unit 

MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current. 

Average Plate Current . 


430 

180 

45 


volts 

mA 

mA 


6BY11 

6BZ3 


Refer to chart at end of section. 

For replacement use type 6BE3/6BZ3. 


6BZ6 

6BZ6/6JH6 SEMIREMOTE-CUTOFF 

3BZ6, 4BZ6, 12BZ6 PENTODE 

Miniature type used in gain-controlled video if stages 
of color and black-and-white television receivers. Out¬ 
lines section, 5C; requires miniature 7-contact socket. 
Types 3BZ6, 4BZ6, and 12BZ6 are identical with type 
6BZ6 except for heater ratings. 

6BZ6 

3BZ6 4BZ6 6BZ6/6JH6 

Heater Voltage (ac/dc) . 3.15 4.2 6.3 

Heater Current . 0.6 0.45 0.3 

Heater Warm-up Time (Aver¬ 
age) . 11 11 — 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max ±200 max 

Average value . 100 max 100 max 100 max 

Direct Interelectrode Capacitances: Unshielded 

Grid No.l to Plate . 0.025 max 

Grid No.l to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield . 7 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 2 

a With external shield connected to cathode. 



7CM 


12BZ6 

12.6 

0.15 


±200 max 
100 max 
Shielded 
0.015 max 


volts 

ampere 

seconds 

volts 

volts 

PF 

PF 

pF 


Class At Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid No.3 (Suppressor-Grid) Voltage, Positive value . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . . . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts. 


330 

0 

330 


volts 

volts 

volts 


See curve page 300 
0 volts 

2.3 watts 

0.55 watt 

See curve page 300 


Z w 
I w 

9 ui 
OC O. 

o 2 

°d 

'is 


Ui 

6 


TYPE 6BZ6 

GRID No. 3 AND INTERNAL SHIELD 

- CONNECTED TO CATHODE AT - 

SOCKET. 

_GRID-No.2 VOLTS-125 0 

■ 

E 7a 

i1[ i 

. GRID-No. 1 VOLTS EC|=- 

0.50 

■ 

K 

■ 

mm 



-l 

p| 
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— 

— 
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Bk 

S 
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CHARACTERISTICS 

Plate Supply Voltage . 125 volts 

Grid No.3 .Connected to cathode at socket 

Grid-No.2 Suppiy Voltage . 125 volts 

Cathode-Bias Resistor . 56 ohms 

Plate Resistance (Approx.) . 0.26 megohm 

Transconductance . 8000 /imhos 

Plate Current . 14 m A 

Grid-No.2 Current . 3.6 mA 

Grid-No. 1 Voltage (Approx.) for transconductance of 50 /imhos . . . —19 volts 

Grid-No.l Voltage (Approx.) for transconductance of 700 /imhos . . —4.5 volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 1 megohm 

Refer to chart at end of section. artt 

For replacement use type 6BQ7A/6BZ7/6BS8. ouLf 

Refer to chart at end of section. Aura 

For replacement use type 6BC8/6BZ8. odao 



6BG 


POWER TRIODE 6C4 

Miniature type used as a cascode amplifier in vhf color 
local oscillator in FM and other high-frequency cir¬ 
cuits and as a class C rf amplifier. Outlines section, 
5C; requires miniature 7-contact socket. For typical 
operation as a resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section. For additional 
curve of plate characteristics, refer to type 12AU7A. 


Heater Voltage (ac/dc) . 



6.3 

volts 

Heater Current . 

Heater-Cathode Voltage: 



0.15 

ampere 

Peak value . 



±200 max 

volts 

Average value . 

Direct Interelectrode Capacitances (Approx.) 


Unshielded 

100 max 

ShieldedA 

volts 

Grid to Plate . 


1.6 

1.4 

pF 

Grid to Cathode and Heater . 


1.8 

1.8 

pF 

Plate to Cathode and Heater. 

a With external shield connected to cathode. 

Class Ax 

Amplifier 

1.3 

2.5 

pF 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 



300 max 

volts 

Plate Dissipation . 



3.5 max 

watts 

CHARACTERISTICS 

Plate Voltage . 


100 

250 

volts 

Grid Voltage* . 


0 

—8.5 

volts 

Amplification Factor . 


19.5 

17 

Plate Resistance (Approx.) . 


6250 

7700 

ohms 

Transconductance . 


3100 

2200 

/imhos 

Plate Current . 


11.8 

10.5 

mA 

Grid Voltage (Approx.) for plate current of 10 /iA . . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

—10 

—25 

volts 

For fixed bias operation . 



0.25 

megohm 

For cathode-bias operation . 



1 

megohm 

* Transformer- or impedance-type input coupling devices are recommended to 
resistance in the grid circuit. 

minimize 


RF Power Amplifier and Oscillator—Class C Telegraphy 

MAXIMUM RATINGS (Design-Center Values) 


Plate Voltage . 300 

Grid Voltage . —50 

Plate Current ..:. 25 

Grid Current . 8 

Plate Dissipation .:... 5 


volts 

volts 

mA 

mA 

watts 
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TYPICAL OPERATION AT FREQUENCIES UP TO 50 MHz 

Plate Voltage . 

Grid Voltage . 

Plate Current ... 

Grid Current (Approx.) . 

Driving Power (Approx.) . 

Power Output (Approx.)* .. 


300 

volts 

—27 

volts 

25 

mA 

7 

mA 

0.35 

watt 

5.5 

watts 


• Approximately 2.5 watts power output can be obtained when the 6C4 is used at 150 MHz 
as an oscillator with grid resistor of 10,000 ohms and with maximum rated input. 


6C5 

6C5GT 

6C6 

6C7 

6C8G 



Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


6C9 SHARP-CUTOFF 

i 7 c» DUAL TETRODE 

Miniature type used as vhf rf-amplifier and autodyne 
mixer tube. Outlines section, 6B; except center pin is 
added to base; requires miniature 10-contact socket. 
Type 17C9 is identical with type 6C9 except for heater 
ratings. 



rR2* ia 

10F 


6 C 9 17C9 

Heater Voltage (ac/dc) . 6.3 16.8 

Heater Current . 0.4 0.15 

Peak Heater-Cathode Voltage . ±100 max ±100 max 

Direct Interelectrode Capacitances : Unit No. 1 Unit No. 2 

Grid No.l to Plate . 0.055 max 0.06 max 

Grid No.l to Cathode, Heater, Grid No.2, and 

Internal Shield . 4.4 4.2 

Plate to Cathode, Heater, Grid No.2 and 

Internal Shield . 2.2 2.2 

Heater to Cathode 4.2 4.8 

Plate of Unit No.l to Plate of Unit No.2 . 0.003 max 

Grid No.l of Unit No.l to Grid No.l of Unit No.2 0.001 max 

Grid No.l of Unit No.l to Plate of Unit No.2 . . 0.001 max 

Grid No.l of Unite No.2 to Plate of Unit No.l . . 0.032 max 


volts 

ampere 

volts 


pF 

pF 

pF 

pF 

PF 

PF 

pF 

PF 
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Class Ai Amplifier (Each Unit) 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 250 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 180 volts 

Grid-No.2 Voltage . See curve page 300 

Cathode Current . 20 mA 

Plate Dissipation: 

Either plate . 1.5 watts 

Both plates (both units operating) . 2.5 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts . 0.5 watt 

For grid-No.2 voltages between 90 and 180 volts . See curve page 300 

CHARACTERISTICS 

Plate Voltage . 125 volts 

Grid-No.2 Voltage . 80 volts 

Grid-No. 1 Voltage . —1 volt 

Plate Resistance (Approx.) . 0.1 megohm 

Transconductance . 8000 fj. mhos 

Plate Current . 10 mA 

Grid-No.2 Current . 1.5 mA 

Grid-No. 1 Voltage (Approx.) for plate current of 20 /iA . —6 volts 

Refer to chart at end of section. 6C10 


H 



9M 


FULL-WAVE 
VACUUM RECTIFIER 

Miniature type used in power supply of compact audio 
equipment having moderate dc requirements. Outlines 
section, 6G; requires miniature 9-contact socket. This 
tube, like other power-handling tubes, should be ade¬ 
quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
1 . 


6CA4 


Full-Wave Rectifier 


MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current (Per Plate) . 

AC Plate Supply Voltage (Per Plate, rms) with Capacitor Input 

to Filter . 

Average Output Current . 

Hot Switching Transient Plate Current (Per Plate) . 

Peak Heater-Cathode Voltage . 


1000 

volts 

450 

mA 

350 

volts 

150 

mA 

# 


—500 

volts 


OPERATION CHARACTERISTICS 
full-wave circuit capacitor input to filter 


1 1—1 1 1 1 1 

TYPE 6CA4 E .p = 5.3 VOLTS 



CAPACITOR INPUT TO FILTER t bOfJLf 
— TOTAL EFFECTIVE PLATE-SUPPLY IMPEDAN 
CURVE I A | B | C 

CE 

— 




O) 

fMS | I50[200|240 
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F£ ^ 
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<?2CS-1037<*TI 
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TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 

AC Plate-to-Plate Supply Voltage (rms) . 

Filter-Input Capacitor . 

Total Effective Plate Supply Impedance 

per Plate . 

DC Output Voltage at Input to Filter (Approx.) 

For dc output current of 150 mA . 


500 

600 

700 

volts 

50 

50 

50 

JL F 

150 

200 

240 

ohms 

245 

293 

347 

volts 


# When capacitor-input circuits are used, a maximum peak current value per plate of 1 
ampere during the initial cycles of the hot-switching transient should not be exceeded. 


6CA5 

12CA5 


BEAM POWER TUBE 


Miniature type used in af power output stage of radio 
and television receivers. Outlines section, 5D; requires 
miniature 7-contact socket. Type 12CA5 is identical 
with type 6CA5 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6CA5 12CA5 

6.3 12,6 

1.2 0.6 

— 11 


volts 

ampere 

seconds 


—200 max +200 —300 max volts 

100 max +100 —200 max volts 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . . 

Plate Dissipation . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 

TYPICAL OPERATION 


Plate Voltage . 110 

Grid-No.2 Voltage . 110 

Grid-No.l (Control-Grid) Voltage . —4 

Peak AF Grid-No.l Voltage . 4 

Zero-Signal Plate Current . 32 

Maximum-Signal Plate Current . 31 

Zero-Signal Grid-No.2 Current (Approx.) . 3.5 

Maximum-Signal Grid-No.2 Current (Approx.) . 7.5 

Plate Resistance (Approx.) . 16000 

Transconductance . 8100 

Load Resistance . 3500 

Total Harmonic Distortion . 5 

Maximum-Signal Power Output . 1.1 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 


130 

130 

0 

5 

1.4 

180 


125 

125 


37 

36 

4 

11 

15000 

9200 

4500 

6 

1.5 


0.1 

0.5 


volts 

volts 

volts 

watts 

watts 

°C 


volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 
ohms 
/tmhos 
ohms 
per cent 
watts 


megohm 

megohm 


6CA7 


Refer to chart at end of section. 


6CA7/ 

EL34 POWER PENTODE 

Glass octal types used in the output stage of audio¬ 
frequency amplifiers. Maximum dimensions: over-all 
length, 4% inches; seated height, 3% inches; diameter, 
IV 2 inches. Tube requires octal socket. 


62 G| 



Heater Voltage (ac/dc) 

Heater Current . 

Peak Heater-Cathode Voltage 


6.3 volts 

1.5 amperes 

±200 max volts 
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Direct Interelectrode Capacitances: 

Grid No.l to Plate . 1 pP 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 15.5 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 7.2 pF 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 800 volts 

Grid-No.2 (Screen-Grid) Voltage . 425 volts 

Grid-No. 2 Input . 8 watts 

Cathode Current . 150 mA 

Plate Dissipation . 25 watts 

TYPICAL OPERATION 

Plate Voltage . 265 volts 

Grid-No.2 Voltage . 250 volts 

Grid-No.l (Control-Grid) Voltage . —13.5 volts 

Peak AF Grid-No.l Voltage . 12.3 volts 

Zero-Signal Plate Current . 100 mA 

Zero-Signal Grid-No.2 Current . 15 mA 

Transconductance . 11000 jimhos 

Plate Resistance . 15000 ohms 

Load Resistance . 2000 ohms 

Maximum-Signal Power Output . 11 watts 

Total Harmonic Distortion . 10 per cent 

MAXIMUM CIRCUIT VALUE 

Grid-No.1-Circuit Resistance, for cathode-bias operation . 0.7 megohm 


Push-Pull Class ABi Amplifier 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 


Plate Supply Voltage . 450 volts 

Grid-No .2 Supply Voltage . 450 volts 

Cathode-Bias Resistor . 232 ohms 

Grid-No.2 Resistor . 1000 ohms 

Peak AF Grid-No.l to Grid-No.l Voltage . 38.2 volts 

Zero-Signal Plate Current . 120 mA 

Maximum-Signal Plate Current . 143 mA 

Zero-Signal Grid-No.2 Current . 20 mA 

Maximum-Signal Grid-No.2 Current . 44 mA 

Effective Load Resistance (Plate-to-plate) . 6500 ohms 

Total Harmonic Distortion . 5.1 per cent 

Maximum-Signal Power Output . 40 watts 

Refer to chart at end of section. 6CB5 



8GD 


BEAM POWER TUBE 6CB5A 

Glass octal type used as horizontal-deflection ampli¬ 
fier in color and black-and-white television receivers. 
Outlines section, 21B; requires octal socket. 


Heater Voltage (ac/dc) . 

Heater Current ... 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . . . 


6.3 

volts 

2.5 

amperes 

:200 max 

volts 

100 max 

volts 

0.4 

PF 

22 

PF 

10 

PF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage .... 
Grid-No.2 Voltage 
Grid-No.l Voltage 


75 

150 

0 


175 

175 

—30 


volts 

volts 

volts 
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Mu-Factor, Grid No. 2 to Grid No.l . 

_ 

3.8 


Plate Resistance (Approx.) . 

— 

5000 

ohms 

Transconductance . 

— 

8800 

/imhos 

Plate Current . 

460* 

90 

mA 

Grid-No.2 Current . 

42* 

6 

mA 

Grid-No.l Voltage (Approx.) for plate current of 1 mA 

—• 

—60 

volts 

• These values can be measured by a method involving a 
maximum rating of the tube will not be exceeded. 

recurrent 

waveform such 

that the 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

. 880 

volts 

Peak Positive-Pulse Plate Voltage# . 


. 6800 

volts 

Peak Negative-Pulse Plate Voltage . 


. 1650 

volts 

DC Grid-No.2 (Screen-Grid) Voltage ....... 


. 220 

volts 

DC Grid-No.l (Control-Grid) Voltage . 


. —55 

volts 

Peak Negative-Pulse Grid-No.l Voltage . 


. 220 

volts 

Peak Cathode Current . 


. 850 

mA 

Average Cathode Current . 


. 240 

mA 

Grid-No.2 Input . 


. 4 

watts 

Plate Dissipation! . 


. 26 

watts 

Bulb Temperature (At hottest point) . 


. 220 

°C 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 


. 0.47 

megohm 

# Pulse duration must not exceed 15% of a 

horizontal 

scanning cycle (10 

microseconds). 

t A bias resistor or other means is required 

to protect 

the tube in absence 

of excitation. 


6CB6 


6CB6A 


Refer to chart at end of section. 
For replacement use type 6CB6A/6CF6. 

For replacement use type 6CB6A/6CF6. 


6CB6A/ 

6CF6 

3CB6/3CF6, 4CB6 


SHARP-CUTOFF PENTODE 



7CM 


Miniature types used in color and black-and-white tele¬ 
vision receivers as if amplifier at frequencies up to 
about 45 MHz and as rf amplifiers in vhf television 
tuners. Outlines section, 5C; requires miniature 7-con¬ 
tact socket. For typical operation as resistance-coupled amplifiers, refer 
to Resistance-Coupled Amplifier section. Types 3CB6/3CF6, and 4CB6 are 
identical with type 6CB6A/6CF6 except for heater ratings. 


Heater Voltage (ac/dc) . 

3CB6/3CF6 

4CB6 6CB6A/6CF6 


3.15 

4.2 

6.3 

volts 

Heater Current. 

0.6 

0.45 

0.3 

ampere 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

11 

11 

11 

seconds 

Peak value . 

f +200 max 1 
l —300 max | 

\ +200 max 

1 —300 max 

±200 max 

volts 

Average value . 

100 max | 

1 +100 max 
[ —200 max 

100 max 

volts 

Direct Interelectrode Capacitances : 


Unshielded 

Shielded* 


Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid 

No.2, 

0.025 max 

0.015 max 

PF 

Grid No.3, and Internal Shield . . . 
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, 

6.5 

6.5 

pF 

and Internal Shield . 


2 

3 

PF 


*With external shield connected to cathode. 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
Grid-No.2 (Screen-Grid) Voltage . 


330 volts 

0 volts 

See curve page 300 
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Grid-No .2 Supply Voltage . 330 volts 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 2.3 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.55 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 . 

Grid-No .2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No .2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 20 /iA 
Grid-No.l Voltage (Approx.) for plate current of 2.8 mA 


. 125 volts 

Connected to cathode at socket 

. 125 volts 

. 56 ohms 

. 0.28 megohm 

. 8000 /rnihos 

. 13 mA 

. 3.7 mA 

. —6.5 volts 

. —3 volts 
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I 

o 

ce 

£ < 
° □ 
2 -J 

H j- 
LJ 
6 


TYPE 6CB6A 
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PLATE VOLTS 


400 

92CS-9854TI 


For replacement use type 6CE3/6CD3/6DT3. 6CD3 

Refer to chart at end of section. 6CD6G 

6CD6GA 

BEAM POWER TUBE 25CD6GB 

Glass octal type used as horizontal-deflection amplifier 
in high-efficiency deflection circuits of color and black- 
and-white television receivers. Outlines section, 21B; 
requires octal socket. This type may be supplied with 
pins 1, 4, and 6 omitted. Vertical tube mounting is pre¬ 
ferred, but horizontal operation is permissible if pins 
No.2 and 7 are in vertical plane. Type 25CD6GB is 
identical with type 6CD6GA except for heater ratings. 




6 CD 6 GA 

25CD6GB 


Heater Voltage (ac/dc) . 


6.3 

25 

volts 

Heater Current . 


2.5 

0.6 

amperes 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage : 


— 

11 

seconds 

Peak value . 


±200 max 

±200 max 

volts 

Average value .. 


100 max 

100 max 

volts 

Direct Interelectrode Capacitances (Approx.) 





Grid No.l to Plate . 



1.1 

pF 

Grid No.l to Cathode, Heater, Grid No.2, 

and Grid No.3 . 

22 

pF 

Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 . 


8.5 

PF 

Class Ai 

Amplifier 




CHARACTERISTICS 

Plate Voltage . 


60 

175 

volts 

Grid-No.2 (Screen-Grid) Voltage . 


100 

175 

volts 

Grid-No.l (Control-Grid) Voltage . 


0 

—30 

volts 

Mu-Factor, Grid No.2 to Grid No.l . 


— 

3.9 




5BT 
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Plate Resistance (Approx.) . — 7200 ohms 

Transconductance . — 7700 jumhos 

Plate Current . 230* 5.5 mA 

Grid-No.2 Current . 21 • 6.5 mA 

Grid-No.l Voltage (Approx.) for plate current of 

1 mA . — —55 volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 700 volts 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum) . 7000" volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No.2 (Screen-Grid) Voltage . 176 volts 

Peak Negative-Pulse Grid-No.l Voltage . 700 volts 

Peak Cathode Current . 200 mA 

Average Cathode Current .. —200 mA 

Plate Dissipation! . 20 watts 

Grid-No.2 Input . 3 watts 

Bulb Temperature (At hottest point) . 225 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No.-Circuit Resistance, for grid-resistor-bias operation . 0.47 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* Under no circumstances should this absolute value be exceeded. 

f A bias resistor or other means is required to protect the tube in absence of excitation. 



PLATE VOLTS 92CS-90I6T 


PLATE VOLTS 92CS-90I7T 


6CE3 


Refer to chart at end of section. 

For replacement use type 6CE3/6CD3/6DT3. 


6CE3/ 

6CD3/6DT3 

34CE3 


HALF-WAVE 
VACUUM RECTIFIER 


Duodecar type used as a damper diode in the horizontal- 
deflection circuit of color television receivers. Outlines 
section, 8G; requires duodecar 12-contact socket. Type 
34CE3 is identical with type 6CE3/6CD3/6DT3 except 
for heater ratings. 


IC K 



H H 


12GK 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Direct Interelectrode Capacitances: 
Plate to Cathode and Heater . 
Cathode to Plate and Heater . 
Heater to Cathode . 


6CE3/ 

6CD3/6DT3 

6.3 

34CE3 

34.5 

volts 

2.5 

0.45 

amperes 

— 

11 

seconds 


13 

pF 


18 

PF 


5.5 

dF 
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Damper Service 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Plate Dissipation . 

Bulb Temperature (At hottest point) . 

Heater-Cathode Voltage 


Peak value . +300 

Average value . +100 


CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 680 mA 


5000 

volts 

1500 

mA 

350 

mA 

11 

watts 

220 

°C 

—5500 

volts 

—900 

volts 

20 

volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6CE5 


Refer to chart at end of section. 

For replacement use type 6BC5/6CE5. 


6CF6 


Refer to chart at end of section. 

For replacement use type 6CB6A/6CF6. 


6CG3 

6CG3/6BW3 


For replacement use type 6CG3/6BW3/6DQ3. 
For replacement use type 6CG3/6BW3/6DQ3. 



HALF-WAVE 
VACUUM RECTIFIER 


6CG3/ 

6BW3/ 

6DQ3 


19CG3/19DQ3, 25CG3 

Duodecar type used as damper diode in horizontal- 
deflection circuits of color and black-and-white tele¬ 
vision receivers. Outlines section, 8G, requires duodecar 
12-contact socket. Types 19CG3/19DQ3 and 25CG3 are 
identical with type 6CG3 except for heater ratings. 


6CG3/ 19CG3/ 

6BW3/6DQ3 19DQ3 

Heater Voltage (ac/dc) . 6.3 19 

Heater Current . 1.8 0.6 

Heater Warm-up Time . —* 11 

Damper Service 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# ... 

Peak Plate Current .,.’. 

Average Plate Current . 

Plate Dissipation . 

Heater-Cathode Voltage: 


Peak value . +300 

Average value . +100 


25CG3 

25 

0.45 

11 


5000 

2100 

350 

6.5 


—5000 

—900 


volts 

amperes 

seconds 


volts 

mA 

mA 

watts 

volts 

volts 


CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 700 mA . 25 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


Refer to chart at end of section. 

For replacement use type 6CG3/6BW3/6DQ3. 

For replacement use type 6FQ/6CG7. 

Refer to chart at end of section. 


6CG3/6CD3 

6CG7 

6CG8 
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6CG8A MEDIUM-MU TRIODE— 

5CG8 SHARP-CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 40 
MHz. When used in an AM/FM receiver, the triode 
unit is used as an oscillator for both sections. In the 
AM section, the pentode unit is used as a high-gain 
pentode mixer; in the FM section, the pentode unit is used either as a pen¬ 
tode mixer or as a triode-connected mixer depending on signal-to-noise 
considerations. Outlines section, 6B; requires miniature 9-contact socket. 
Type 5CG8 is identical with type 6CG8A except for heater ratings. These 
types are electrically identical with miniature type 6X8 except for inter¬ 
electrode capacitances. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, and Pentode Grid No.3 
Plate to Cathode, Heater, and Pentode Grid No.3 
Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and 

Grid No.3. 

Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 

Heater to Cathode . 


5CG8 

6CG8A 


4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 

nshielded 

Shielded 0 


1.5 

1.5 

pF 

2 

2.4 

pF 

0.5 

1 

pF 

0.04 max 

0.02 max 

pF 

4.6 

4.8 

PF 

0.9 

1.6 

pF 

0.05 max 

0.04 max 

PF 

0.05 max 

0.008 max 

PF 

6.5 

6.5- 

PF 


° With external shield connected to cathode, except as noted. 


• With external shield connected to plate. 


6CH3 


For replacement use type 6CJ3/6CH3. 


6CH8 Refer to chart at end of section. 

6CJ3 For replacement use type 6CJ3/6CH3. 


6CJ3/6CH3 


HALF-WAVE 
VACUUM RECTIFIER 


Novar type used as damper tube in horizontal-deflection 
circuits of black-and-white television receivers. Out¬ 
lines section, 30F; requires novar 9-contact socket. 
Socket terminals 1, 3, 6, and 8 should not be used as 
tie points. This tube, like other power-handling tubes, 
should be adequately ventilated. Heater: volts (ac/dc), 
6.3; amperes, 1.8. 



Damper Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current. 

Average Plate Current . 

Plate Dissipation . 

Heater-Cathode Voltage: 


Peak value . 4-300 

Average value . 4-100 


5500 

volts 

2100 

mA 

350 

mA 

6.5 

watts 

—5500 

volts 

—900 

volts 
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CHARACTERISTICS, Instantaneous Value 

Tube Voltage Drop for plate current of 700 mA . 25 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


Refer to chart at end of section. 
For replacement use type 6CL3/6CK3. 


6CK3 


Refer to chart at end of section. 
For replacement use type 6CL3/6CK3. 


6CK4 

6CL3 



HALF-WAVE xr| o /ArQ 

VACUUM RECTIFIER OV * LO/ OLIVO 

12CL3 

Novar type used as a damper tube in horizontal-de- 
flection circuits of color and black-and-white tele¬ 
vision receivers. Outlines section, 30B; requires novar 
9-contact socket. Socket terminals 1, 3, 6, and 8 should 
not be used as tie points. This tube, like other power¬ 
handling tubes, should be adequately ventilated. Type 
12CL3 is identical with type 6CL3/6CK3 except for 
heater ratings. 


Heater Voltage (ac/dc) . . 

Heater Current . 

Heater Warm-up Time (Average) 
Direct Interelectrode Capacitances: 
Plate to Cathode and Heater 
Cathode to Plate and Heater 
Heater to Cathode . 


6CL3/6CK3 

12CL3 


6.3 

12.6 

volts 

1.2 

0.6 

amperes 

— 

11 

seconds 


6.5 

pF 


9 

PF 


3 

P F 


Damper Service 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 5500 

Peak Plate Current . 1300 

Average Plate Current. 250 

Plate Dissipation . 8.5 

Bulb Temperature (At hottest point) . 220 

Heater-Cathode Voltage: 

Peak value . -f-300 —5000 

Average value . -f-100 —900 


volts 

mA 

mA 

watts 

°C 

volts 

volts 


CHARACTERISTICS, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 16 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 



9BV 


POWER PENTODE 6CL6 

Miniature type used in output stage of video amplifier 
of color and black-and-white television receivers and 
as wide-band amplifier tube in industrial and labora¬ 
tory equipment. Outlines section, 6E; requires minia¬ 
ture 9-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 
and Internal Shield .. 


6.3 

volts 

0.65 

ampere 

±100 max 

volts 

0.12 

PF 

11 

PF 

5.5 

PF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage ..... 300 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 300 volts 

Grid-No.2 Voltage . 150 volts 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 50 volts 

Positive-bias value . 0 volts 

Plate Dissipation . 7.5 watts 

Grid-No.2 Input . 1.7 watts 

Bulb Temperature (At hottest point) . 200 °C 

TYPICAL OPERATION 

Plate Voltage . 250 volts 

Grid No.3 . Connected to cathode at socket 

Grid-No.2 Voltage .. 150 volts 

Grid-No.l Voltage .. —3 volts 

Peak AF Grid-No.l Voltage . 3 volts 

Zero-Signal Plate Current . 30 mA 

Maximum-Signal Plate_ Current . 31 mA 

Zero-Signal Grid-No.2 Current . 7 mA 

Maximum-Signal Grid-No.2 Current . 7.2 mA 

Plate Resistance (Approx.) . 0.09 megohm 

Transconductance . 11000 jumhos 

Load Resistance .— 7500 ohms 

Total Harmonic Distortion . 8 percent 

Maximum-Signal Power Outnut . 2.8 watts 

Grid-No.l Voltage (Approx.) for plate current of 10 fiA . —14 volts 

TYPICAL OPERATION IN MHz-BANDWIDTH VIDEO AMPLIFIER 

Plate Supply Voltage . 300 volts 

Grid No.3 . Connected to cathode at socket 

Grid-No.2 Supply Voltage . 300 volts 

Grid-No.l Bias Voltage . —2 volts 

Grid-No.l Signal Voltage (Peak to Peak) . 3 volts 

Grid-No.2 Resistor . 24000 ohms 

Grid-No.l Resistor . 0.1 megohm 

Load Resistor . 3900 ohms 

Zero-Signal Plate Current . 30 mA 

Zero-Signal Grid-No.2 Current . 7 mA 

Voltage Output (Peak to Peak) . 132 volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l Circuit Resistance: 

For fixed-bias operation . 0-1 megohm 

For cathode-bias operation . 0.5 megohm 



PLATE VOLTS 92CS-7802TI 


6C18 


Refer to chart at end of section. 
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H 



MEDIUM-MU TRIODE— 6CL8A 

SHARP-CUTOFF TETRODE 7c L 8a 

Miniature type used as combined vhf oscillator and 
mixer in color and black-and-white television receivers. 
Outlines section, 6B; requires miniature 9-contact 
socket. For maximum ratings as class Ai amplifier, 
see type 6U8A. Type 5CL8A is identical with type 
6CL8A except for heater ratings. 



5CL8A 

6CL8A 


Heater Voltage (ac/dc) . 

4.7 

6.3 

volts 

Heater Current . 

0.6 

0.45 

ampere 

Heater Warm-up Time (Average) . 

11 

11 

seconds 

Heater-Cathode Voltage: 




Peak value . 

±200 max 

±200 max 

volts 

Average value . 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 

Unshielded 

Shielded 


Triode Unit: 




Grid to Plate . 

1.8 

1.8 

pF 

Grid to Cathode, Tetrode Cathode, Heater, 




and Internal Shield . 

2.8 

2.8 

PF 

Plate to Cathode, Tetrode Cathode, Heater, 




and Internal Shield . 

1.5 

2 

pF 

Tetrode Unit: 




Grid No. 1 to Plate . 

0.02 max 

0.01 max 

PF 

Grid No.l to Cathode, Heater, Grid No. 2, 




and Internal Shield . 

5 

5 

PF 

Plate to Cathode, Heater, Grid No. 2, 




and Internal Shield . 

2 

3 

PF 

Tetrode Grid No.l to Triode Plate . 

0.015 max 

0.01 max 

PF 

Tetrode Plate to Triode Plate . 

0.15 max 

0.03 max 

pF 

Heater to Cathode (Each Unit) . 

3 

3 

pF 

Class Ai Amplifier 




CHARACTERISTICS 

Triode Unit Tetrode Unit 


Plate Supply Voltage . 

125 

125 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

— 

125 

volts 

Grid-No. 1 Voltage . 

—1 

—1 

volt 

Amplification Factor . 

40 

— 


Plate Resistance (Approx.) . 

0.005 

0.2 

megohm 

Transconductance . 

8000 

6500 

jumhos 

Plate Current . 

14 

12 

mA 

Grid-No. 2 Current . 

— 

,4 

mA 

Grid-No.l Voltage (Approx.) for plate current of 




20 /iA . 

—9 

—9 

volts 

MAXIMUM CIRCUIT VALUES 




Grid-No.l-Circuit Resistance: 




For fixed-bias operation . 

0.5 

0.25 

megohm 

For cathode-bias operation . 

1 

1 

megohm 



HALF-WAVE 6CM3 

VACUUM RECTIFIER 

Novar type used as damper tube in horizintal-deflection 
circuits of color and black-and-white television receiv¬ 
ers. Outline section, 30B; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, and 8 should not be 
used as tie points. This tube, like other power-handling 
tubes, should be adequately ventilated. 


Heater Voltage (ac/dc) . 

Heater Current . 

Direct Interelectrode Capacitances: 
Plate to Cathode and Heater 
Cathode to Plate and Heater . 
Heater to Cathode . 


6.3 

volts 

2.4 

amperes 

20 

pF 

18 

pF 

4 

PF 
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Damper Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Plate Dissipation . 

Heater-Cathode Voltage: 


Peak value . -f-300 

Average value . -j-100 


CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA 


5500 

volts 

1700 

mA 

400 

mA 

12 

watts 

—5500 

volts 

—900 

volts 

10 

volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6CM6 


Refer to chart at end of section. 


6CM7 

8CM7 MEDIUM-MU DUAL TRIODE 

Miniature type used as combined vertical-deflection os¬ 
cillator and vertical-deflection amplifier in black-and- 
white television receivers. Unit No.l is used as a 
conventional blocking oscillator in vertical-deflection 
circuits, and unit No.2 as a vertical-deflection ampli¬ 
fier. Outlines section, 6E; requires miniature 9-contact 
socket. Types 8CM7 is identical with type 6CM7 except 
for heater ratings. 



9ES 


Heater Voltage (ac/dc) . 

6CM7 

6.3 

8CM7 

8.4 

volts 

Heater Current . 

0.6 

0.45 

ampere 

Heater Warm-up Time (Average) . 

11 

11 

seconds 

Heater-Cathode Voltage: 

Peak value . 

±200 max 

±200 max 

volts 

Average value .. 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances (Approx.) : 

Unit No.l 

Unit No.2 


Grid to Plate . 

3.8 

3 

PF 

Grid to Cathode and Heater . 

2 

3.5 

pF 

Plate to Cathode and Heater . 

0.5 

0.4 

PF 

Class At Amplifier 

CHARACTERISTICS 

Unit No.l 

Unit No.2 


Plate Voltage . 

200 

250 

volts 

Grid Voltage . 

—7 

—8 

volts 

Amplification Factor . 

21 

18 


Plate Resistance (Approx.) . 

10500 

4100 

ohms 

Transconductance . 

2000 

4400 

/tmhos 

Plate Current ... 

5 

20 

mA 

Plate Current for grid voltage of —10 volts . 

1 

— 

mA 

Grid Voltage (Approx.) for plate current of 10 n A . 

—14 

— 

volts 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage. 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

For grid-resistor-bias operation . 


Unit No.l 

Unit No.2 


Oscillator 

Amplifier 


550 

550 

volts 

— 

2200 

volts 

220 

220 

volts 

77 

77 

mA 

17 

22 

mA 

1.45 

6 

watts 


2.2 

1 

megohms 

2.2 

2.5 

megohms 

2.2 

— 

megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 



































Technical Data 


231 




PLATE VOLTS 92CS-86I7T 


Refer to chart at end of section. 


6CM8 



TWIN DIODE— 
HIGH-MU TRIODE 


6CN7 


Miniature type used as combined horizontal phase de¬ 
tector and reactance tube in color and black-and-white 
television receivers. The triode unit is used in sync- 
separator, sync-amplifier, or audio amplifier circuits. 
Outlines section, 6B; requires miniature 9-contact 
socket. For typical operation of triode unit as resist¬ 
ance-coupled amplifier, refer to Resistance-Coupled Amplifier section. 


Heater Voltage (ac/dc) : 

Series . 

Parallel . 

Heater Current: 

Series .. 

Parallel . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Diode Units: 

Diode-No. 1 Plate to Cathode of Diodes No.l and No. 2, 

Heater, and Internal Shield . 

Diode-No.2 Plate to Cathode of Diodes No.l and No. 2, 

Heater, and Internal Shield . 

Triode Grid to Either Diode Plate . 

Triode Unit as Class Ax Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, Positive-bias value . 

Plate Dissipation . 


CHARACTERISTICS 

Plate Voltage . 100 

Grid Voltage . —1 

Amplification Factor . 70 

Plate Resistance (Approx.) . 54000 

Transconductance . 1300 

Plate Current . 0.8 


Diode Units 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Current (Each Unit) . 


6.3 

volts 

3.15 

volts 

0.3 

ampere 

0.6 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

1.8 

pF 

1.5 

pF 

0.5 

pF 

3.6 

PF 

3.6 

pF 

0.006 

pF 


330 

volts 

0 

volts 

1.1 

watt 

250 

volts 

—3 

volts 

70 


58000 

ohms 

1200 

/tmhos 

1 

mA 

5.5 

mA 
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6CQ4 


Refer to chart at end of section. 
For replacement use type 6DE4/6CQ4. 


6CQ8 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF TETRODE 


Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The tetrode unit is used 
as a mixer, video if amplifier, or sound if amplifier g 2tr( 
tube. The triode unit is used in vhf oscillator, phase- 
splitter, sync-clipper, sync-separator, and rf amplifier C|TR (£ 
circuits. Outlines section, 6B; requires miniature 9- TR 
contact socket. 



9GE 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


Direct Interelectrode Capacitances: Unshielded 

Triode Unit: 

Grid to Plate . 1.8 

Grid to Cathode and Heater . 2.7 

Plate to Cathode and Heater . 0.4 

Tetrode Unit: 

Grid No.l to Plate . 0.019 max 

Grid No.l to Cathode, Heater, Grid No.2 

and Internal Shield . 5 

Plate to Cathode, Heater, Grid No.2, 

and Internal Shield . 2.5 

Tetrode Plate to Triode Plate . 0.07 max 

Heater to Cathode (Each Unit) . 3 


■ With external shield connected to cathode of unit under test, 
f With external shield connected to ground. 


6.3 

0.45 

11 

±200 max 
100 max 
Shielded" 


1.8 

2.7 

1.2 


0.015 max 
5 


3.3 

0.01 max 
3f 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 


pF 

PF 


pF 

pF 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 
Grid Input . 

CHARACTERISTICS 

Plate-Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No. 1 Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
100 M . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation ... 

For cathode-bias operation . 


Triode Unit Tetrode Unit 


330 

330 


volts 

— 

330 


volts 

See 

curve page 

300 


0 

0 


volts 

3.1 

3.2 


watts 

_ 

0.7 


watt 

See 

curve page 

300 


0.55 

— 


watt 


125 

125 

volts 

— 

125 

volts 

— 

—1 

volts 

56 

— 

ohms 

40 

— 


5000 

140000 

ohms 

8000 

5800 

/rnihos 

15 

12 

mA 

— 

4.2 

mA 

—7 

—7 

volts 


0.5 

0.25 

megohm 

1 

1 

megohm 


6CR6 


Refer to chart at end of section. 
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6CS6 

PENTAGRID AMPLIFIER 3CS6, 4CS6, 12CS6 

Miniature type used as a gated amplifier in color and 
black-and-white television receivers. In such service, 
it may be used as a combined sync separator and sync 
clipper. Outlines section, 5C; requires miniature 7- 
contact socket. Types 3CS6, 4CS6, and 12CS6 are iden¬ 
tical with type 6CS6 except for heater ratings. 


Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 


Average value . 100 max 100 max 

Direct Interelectrode Capacitances (Approx.) 

Grid No.l to Plate . 

Grid No.3 to Plate . 

Grid No.l to Grid No.3 . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

Grid No.4, and Grid No.5 . 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, 

Grid No.4, and Grid No.5 . 

Plate to Cathode, Heater, Grid No.l, Grid No.2, Grid No.3, 
Grid No.4, and Grid No.5 . 


3CS6 

4CS6 

6CS6 

12CS6 


3.15 

4.2 

6.3 

12.6 

volts 

0.6 

0.45 

0.3 

0.15 

ampere 

11 

11 

11 

— 

seconds 

±200 max 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

100 max 

volts 


0.07 max 
0.36 max 
0.22 max 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 




100 

100 

volts 

Grids-No.2-and-No.4 Voltage . 




30 

30 

volts 

Grid-No.3 Voltage . 




—1 

0 

volt 

Grid-No. 1 Voltage . 




0 

—1 

volt 

Plate Resistance (Approx.) . . 




0.7 

1 

megohm 

Grid-No.3-to-Plate Transconductance . . . . 



1500 

— 

itimhos 

Grid-No. 1-to-Plate Transconductance . . . . 



— 

1100 

/imhos 

Plate Current . 




0.8 

1 

mA 

Grids-No.2-and-No.-4 Current 
Grid-No.3 Voltage (Approx.) 

for plate 

current 

of 

5.5 

1.3 

mA 

50 tiA . 




—2.2 

— 

volts 

Grid-No.l Voltage (Approx.) 

for plate 

current 

of 




50 jl A . 




— 

—2.5 

volts 


Gated Amplifier Service 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 300 volts 

Grids-No.2-and-No.4 Supply Voltage . 300 volts 

Grids-No.2-and-No.4 Voltage . See curve page 300 

Cathode Current . 14 mA 

Plate Dissipation . 1 watt 

Grids-No.2-and-No.4 Input: 

For grids-No.2-and-No.4 voltages up to 150 volts . 1 watt 

For grids-No.2-and-No.4 voltages between 150 and 300 volts . . . See curve page 300 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance . 0.47 megohm 

Grid-No.3-Circuit Resistance . 2.2 megohms 



6CS7 

MEDIUM-MU DUAL TRIODE 8CS7 

Miniature type used as combined vertical-deflection os¬ 
cillator and vertical-deflection amplifier in television 
receivers. Unit No.l is used as a conventional block- 


9EF ing oscillator in vertical-deflection circuits, and unit 

No.2 as a vertical-deflection amplifier. Outline section, 6E; requires minia¬ 
ture 9-contact socket. Type 8CS7 is identical with type 6CS7 except for 


heater ratings. 
































234 


RCA Receiving Tube Manual 



6CS7 

8CS7 


Heater Voltage (ac/dc) . 

6.3 

8.4 

volts 

Heater Current . 

0.6 

0.45 

ampere 

Heater Warm-up Time (Average) . 

11 

11 

seconds 

Heater-Cathode Voltage: 




Peak value . . 

±200 max 

±200 max 

volts 

Average value .. 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances (Approj^ : 

Unit No.l 

Unit No.2 


Grid to Plate .... 

2.6 

2.6 

pF 

Grid to Cathode and Heater . 

1.8 

3 

pF 

Plate to Cathode and Heater. 

0.5 

0.5 

PF 

Class Ai Amplifier 





Unit No.l 

Unit No.2 


CHARACTERISTICS 

Oscillator 

Amplifier 


Plate Voltage . 

250 

250 

volts 

Grid Voltage .. 

—8.5 

—10.5 

volts 

Amplification Factor . 

17 

15.5 


Plate Resistance (Approx.) . 

7700 

3450 

ohms 

Transconductance . 

2200 

4500 

/imhos 

Plate Current . 

10.5 

19 

mA 

Plate Current for grid voltage of —16 volts . 

— 

3 

mA 

Grid Voltage (Approx.) for plate current of 10 fiA 

—24 

— 

volts 

Grid Voltage (Approx.) for plate current of 50 /iA 

— 

—22 

volts 

Vertical-Deflection Oscillator and Amplifier 


For operation in a 525-line, 30-frame system 




Unit No.l 

Unit No.2 


MAXIMUM RATINGS (Design-Center Values) 

Oscillator 

Amplifier 


DC Plate Voltage . 

500 

500 

volts 

Peak Positive-Pulse Plate Voltage# (Absolute 




Maximum) . 

— 

2200 a 

volts 

Peak Negative-Pulse Grid Voltage . 

400 

250 

volts 

Peak Cathode Current . 

70 

105 

mA 

Average Cathode Current . 

20 

30 

mA 

Plate Dissipation . 

1.25 

6.5 

watts 

MAXIMUM CIRCUIT VALUES 




Grid-Circuit Resistance . 

2.2 

2.2 

megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
a Under no circumstances should this absolute value be exceeded. 


6CT3 


Refer to chart at end of section. 


6CU5 BEAM POWER TUBE 

12CU5/12C5, 

17CU5/17C5 

Miniature type used in the audio output stage of tele¬ 
vision receivers. Outlines section, 5D; requires minia¬ 
ture 7-contact socket. Types 12CU5/12C5, and 17CU5/ 
17C5 are identical with type 6CU5 except for heater 
ratings. 



7CV 


6CU5 12CU5/12C5 

Heater Voltage (ac/dc) . 6.3 12.6 

Heater Current . 1.2 0.6 

Heater Warm-up Time (Average) . — 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .... 


17CU5/ 

17C5 

16.8 

0.45 

11 

±200 max 
100 max 

0.6 

13 

8.5 


volts 

ampere 

seconds 

volts 

volts 


p g 

pP 

PF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 150 

Grid-No.2 (Screen-Grid) Voltage . 130 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value . 0 

Plate Dissipation . 7 

Grid-No.2 Input . 1.4 

Bulb Temperature (At hottest point) . 220 

TYPICAL OPERATION 

Plate Voltage . 120 

Grid-No.2 Voltage . 110 

Grid-No. 1 Voltage .. —8 

Peak AF Grid-No.l Voltage . 8 

Zero-Signal Plate Current . 49 

Maximum-Signal Plate Current . 50 

Zero-Signal Grid-No.2 Current . 4 

Maximum-Signal Grid-No.2 Current . 8.5 

Plate Resistance (Approx.) . 10000 

Transconductance . 7500 

Load Resistance . 2500 

Total Harmonic Distortion . 10 

Maximum-Signal Power Output . 2.3 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


volts 

volts 

volts 

watts 

watts 

°C 


volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 
ohms 
fimhos 
ohms 
per cent 
watts 


megohm 

megohm 


For replacement use type 6BQ6GTB/6CU6. 6CU6 

Refer to chart at end of section. 6CU8 


6CW4 

HIGH-MU TRIODE 2CW4, 13CW4 

Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and- 
white television and FM receivers. Outlines section, 
1; requires nuvistor socket. Types 2CW4 and 13CW4 
are identical with type 6CW4 except for heater ratings. 



INDEX = LARGE LUG 
• = PIN CUT OFF 

12AQ 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) 

Grid to Plate . 

Grid to Cathode, Heater, and Shell . 

Plate to Cathode, Heater, and Shell .. . 

Plate to Cathode . 

Heater to Cathode . 


2CW4 

6CW4 

13CW4 


2.1 

6.3 

13.5 

volts 

0.45 

0.135 

0.06 

ampere 

8 

— 

— 

seconds 

±100 max 

±100 max ±100 max 

volts 



0.92 

PF 



4.3 

pF 



1.8 

pF 



0.18 

pF 



1.6 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Supply Voltage . 300° 

Plate Voltage . 135 

Grid Voltage: 

Negative-bias value . 55 

Peak positive value . 0 

Cathode Current . 15 

Plate Dissipation . 1.5 


volts 

volts 

volts 

volts 

mA 

watt 









































236 


RCA Receiving Tube Manual 


CHARACTERISTICS AND TYPICAL OPERATION 

Characteristics 

Typical 

Operation 


Plate Supply Voltage . 

110 

70 

volts 

Grid Supply Voltage . 

0 

0 

volts 

Cathode-Bias Resistor . 

130 

— 

ohms 

Grid Resistor . 

— 

47000 

ohms 

Amplification Factor . 

65 

68 


Plate Resistance (Approx.) .. 

6600 

5440 

ohms 

Transconductance . 

9800 

12500 

/imhos 

Plate Current . 

7 

7.2 

mA 

Grid Voltage (Approx.) for plate current of 10 fi A . 

—4 

— 

volts 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance:" 

For fixed-bias operation . 


0.5 

megohm 

For cathode-bias operation . 


2.2 

megohms 


° A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used 
in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of operation. 
■ For operation at metal-shell temperatures up to 135° C. 



6CW5 


Refer to chart at end of section. 


6CW5/ 

EL86 POWER PENTODE 

8CW5/XL86, 

10CW5/LL86, 

15CW5/PL84 

Miniature type used for vertical-deflection amplifier 
service in color and black-and-white television receiv¬ 
ers. Outlines section, 6G; requires miniature 9-contact 
socket. Types 8CW5/XL86, 10CW5/LL86, and 15CW5/ 
PL84 are identical with type 6CW5/EL86 except for 
heater ratings. 



Heater Voltage (ac/dc) 

Heater Current . 

Heater Warm-up Time 
Heater-Cathode Voltage: 

Peak value . 

Average value ... . 


6CW5/ 8CW5/ 

EL86 XL86 

6.3 8 

0.76 0.6 


±330 max ±330 max 
±220 max ±220 max 


Direct Interelectrode Capacitances i 

Grid No.l to Plate . 

Grid No.l to Heater . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .. . 


10CW5/ 

15CW5/ 


LL86 

PL84 


10.6 

15 

volts 

0.45 

0.3 

ampere 

11 

— 

seconds 

±330 max ±330 max 

volts 

±220 max ±220 max 

volts 


0.6 

pF 

.. . 0.25 max 

pF 


13 

pF 


6.8 

pF 
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Class Ai or Class ABi Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 275 volts 

Plate Supply Voltage . 600 volts 

Grid-No. 2 Voltage . 220 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 600 volts 

Cathode Current . 110 mA 

Plate Dissipation . 14 watts 

Grid-No.2 Input . 2.1 watts 

Peak Grid-No.2 Input . 7 watts 

CHARACTERISTICS 

Plate Voltage . 170 volts 

Grid-No.2 Voltage . 170 volts 

Grid-No.l (Control-Grid) Voltage . —12.5 volts 

Mu Factor (Grid No.2 to Grid No.l) . 8 

Plate Resistance . 26000 ohms 

Transconductance . 11000 umhos 

Plate Current . 70 mA 

Grid-No.2 Current . 3.5 mA 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 1 megohm 


Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 275 volts 

Peak Positive-Pulse Plate Voltage# . 2200 volts 

Grid-No.2 Voltage . 275 volts 

Peak Negative-Pulse Grid-No.l Voltage . 250 volts 

Peak Cathode Current . 240 mA 

Average Cathode Current . 110 mA 

Plate Dissipation . 12 watts 

Grid-No.2 Input . 2.1 watts 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 2.2 megohms 


# Pulse duration must not exceed 6% of a vertical scanning cycle (1.2 milliseconds). 



MEDIUM-MU TRIODE— 6CX8 

SHARP-CUTOFF PENTODE 8CX8 

Miniature type u^ed in television receiver applications. 
Pentode unit is used as video amplifier; triode Unit is 
used in sound if-amplifier, sweep-oscillator, sync-sep¬ 
arator, sync-amplifier, and sync-clipper circuits. Out¬ 
lines section, 6E; requires miniature 9-contact socket. 
Type 8CX8 is identical with type 6CX8 except for 
heater ratings. 


6CX8 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.75 

Heater Warm-up Time (Average) . — 

Heater-Cathode Voltage: 

Peak value . —200 max 

Average value . 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate .. 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Triode Grid to Pentode Plate . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 


8 CX8 
8 

0.6 

11 

±200 max 
100 max 


4.4 

2.2 

0.38 

0.06 


4.4 

0.018 max 
0.005 max 
0.17 max 


volts 

ampere 

volts 

volts 

volts 


pF 

pF 


PF 

PF 


PF 

pF 

pF 

pF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage ... 

Grid-No.2 (Screen-Grid) Voltage .. 

Grid-No. 2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No. voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-Nc.l (Voltage Approx.) for plate current of 
100 fiA .. 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 

330 330 volts 

— 330 volts 

—* See curve page 300 
0 0 volts 

2 5 watts 


— 

1.1 

watts 

— 

See curve page 

300 

150 

200 

volts 

— 

125 

volts 

150 

68 

ohms 

40 

— 


8700 

70000 

ohms 

4600 

10000 

/tmhos 

9.2 

24 

mA 

— 

5.2 

mA 

—5 

—8.5 

volts 


0.5 0.25 megohm 

1 1 megohm 


6CY5 

2CY5, 3CY5 SHARP-CUTOFF TETRODE 

Miniature type used as rf amplifier in vhf tuners of 
television receivers. Outlines section, 5C; requires 
miniature 7-contact socket. Types 2CY5 and 3CY5 are 
identical with type 6CY5 except for heater ratings. 



7EW 



2CY5 

3CY5 

6CY5 

Heater Voltage (ac/dc) . 

2.4 

2.9 

6.3 

Heater Current . 

0.6 

0.45 

0.2 

Heater Warm-up Time (Average) . 

11 

11 

— 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) 0 : 

±100 max 

±100 max 

±100 max 

Grid-No.l to Plate .. 

. 


0.03 


Grid-No.l to Cathode, Heater, Grid No.2 and Internal Shield .. 4.5 

Plate to Cathode, Heater, Grid No.2, and Internal Shield .... 3 

° With external shield connected to cathode. 


volts 

ampere 

seconds 

volts 


PF 

pF 

PF 


Class At Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage .. 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts . 

For grid-No.2 voltages between 90 and 180 volts .. 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Plate Resistance (Approx.) . 

Transconductance ... 

Plate Current .... 

Grid-No.2 Current .. 

Grid-No.l Voltage (Approx.) for plate current of 20 fiA 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 


180 

volts 

180 

volts 

See curve 

page 300 

0 

volts 

20 

mA 

2 

watts 

0.5 

watt 

See curve 

page 300 

125 

volts 

80 

volts 

—1 

volt 

0.1 

megohm 

8000 

fim hos 

10 

mA 

1.5 

mA 

—6 

volts 

0.5 

megohm 
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9LG 


DUAL TRIODE 6CY7 

Miniature type used as combined vertical oscillator 
and vertical-deflection amplifier in television receivers. 
Unit No.l is used as a blocking oscillator in vertical- 
deflection circuits, and unit No.2 is used as a vertical- 
deflection amplifier. Outlines section, 6E; requires mini¬ 
ature 9-contact socket. 


Heater Voltage (ac/dc) . 


6.3 

0.75 

volts 

ampere 

Heater-Cathode Voltage: 



Peak value . 


±200 max 

volts 

Average value . 


100 max 

volts 

Class A x Amplifier 




CHARACTERISTICS 

Unit No.l 

Unit No.2 


Plate Supply Voltage . 

250 

150 

volts 

Grid Voltage . 

—3 

__. 

volts 

Cathode-Bias Resistor . 

— 

620 

ohms 

Amplification Factor . 

68 

5 


Plate Resistance (Approx.) . 

52000 

920 

ohms 

Transconductance . 

1300 

5400 

/zmhos 

Plate Current ... 

1.2 

30 

mA 

Plate Current for grid voltage of —30 volts . 

— 

3.5 

mA 

Grid Voltage (Approx.) for plate current of 10 /zA . . 

—5.5 

— 

volts 

Grid Voltage (Approx.) for plate current of 200 /iA 

— 

—40 

volts 


Vertical-Deflection Oscillator and Amplifier 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 


Unit No.l 

Unit No.2 


Oscillator 

Amplifier 


350 

350 

volts 

— 

1800 

volts 

—400 

—250 

volts 

— 

120 

mA 

— 

35 

mA 

1 

5.5 

watts 

2.2 

2.2f 

megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 


f For cathode-bias operation. 
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6CZ5 

5CZ5 BEAM POWER TUBE 

Miniature type used as a vertical-deflection amplifier 
in high-efficiency deflection circuits of color and black- 
and-white television receivers and in the audio output 
stage of television and radio receivers. Outlines sec¬ 
tion, 6G; requires miniature 9-contact socket. Type 
5CZ5 is identical with type 6CZ5 except for 1 
ratings. 



KG* 


Heater Voltage (ac/dc) . 

Heater Current .. 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 
Grid No.l to Plate . 


Plate to Cathode, Heater, Grid No. 2, and Grid No.3 

Class Ai Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Plate Resistance . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
100 fiA . 


heater 

9HN 


5CZ5 

6CZ5 


4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 


0.4 max 

pF 

.3 . 

9 

PF 


6 

PF 

75 

250 

volts 

250 

250 

volts 

0 

—15 

volts 

— 

73000 

ohms 

— 

4800 

/xmhos 

130* 

46 

mA 

16* 

4.6 

mA 

— 

—40 

volts 


Vertical-Deflection Amplifier 

For operation in a 5,25-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 350 volts 

Peak Positive-Pulse Plate Voltage# . 2200 volts 

Grid-No.2 (Screen-Grid) Voltage . 315 volts 

Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage . 275 volts 

Peak Cathode Current . 155 mA 

Average Cathode Current . 45 mA 

Plate Dissipation . 10 watts 

Grid-No.2 Input . 2.2 watts 

Bulb Temperature (At hottest point) . 250 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.5 megohm 

For cathode-bias operation . 1 megohm 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


6D4 


Refer to chart at end of section. 


6D6 


Refer to chart at end of section. 


6D7 

6D8G 

6D10 

6DA4 

6DB5 


Refer to chart at end of section. , 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6DM4A/6DA4. 

Refer to chart at end of section. 
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SHARP-CUTOFF PENTODE 6DC6 

Miniature type used in the gain-controlled picture if 
stages of color and black-and-white television re¬ 
ceivers and as an rf amplifier in the tuners of such 
receivers. Outlines section, 5C; requires 7-contact mini¬ 
ature socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield . 


6.3 

volts 

0.3 

ampere 

±200 max 

volts 

100 max 

volts 

0.02 max 

pF 

6.5 

pF 

2 

PF 


25 


a : 

| 20 
< 

d is 

z 

UJ 

S io 

CL 

5 


0 100 200 300 

PLATE VOLTS 92CS-6330TI 


TYPE 

GRID- 

GRID- 

6DC6 
No.3 
No.2 V 

ss 

oo 

0 

150 

— 0- 











/ 




-1 







1 


GRID- 

No. 1 V 

'OLTS 

E C |=- 

2 

/ 






i 

TT 





! 

F- 

:4 


— 


— 

— 



Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 300 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 Supply Voltage . 300 volts 

Grid-No.2 (Screen-Grid) Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 2 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 0.5 watt 

For grid-No.2 voltages between 150 and 300 volts . See curve page 300 


CHARACTERISTICS 

Plate Supply Voltage . 200 volts 

Grid No.3 . Connected to cathode at socket 

Grid-No.2 Supply Voltage . 150 volts 

Cathode-Bias Resistor . 180 ohms 

Plate Resistance (Approx.) . 0.5 megohm 

Transconductance . 5500 /imhos 

Plate Current . 9 

Grid-No.2 Current . 3 mA 

Grid-No.l Voltage (Approx.) for transconductance of 50 /imhos . . —12.5 volts 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . . 1 megohm 


Refer to chart at end of section. 


6DC8 

6DC8/EBF89 


Refer to chart at end of section. 


6DE4 
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4CG 


HALF-WAVE 6DE4/6CQ4 

VACUUM RECTIFIER 17DE4, 22DE4 

Glass octal type used as damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec¬ 
tion, 13G; requires octal socket. Socket terminals 1, 
2, 4, and 6 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 17DE4 and 22DE4 are identical with 
type 6DE4/6CQ4 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Direct Interelectrode Capacitances (Approx.) : 

Plate to Cathode and Heater .. 

Cathode to Plate and Heater . 

Heater to Cathode . 


6DE4/6CQ4 

17DE4 

22DE4 


6.3 

17 

22.4 

volts 

1.6 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 



8.5 

pF 



11.5 

PF 



4 

pF 


Damper Service 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 5500 

Peak Plate Current . 1100 

Average Plate Current ... 180 

Plate Dissipation . . 6.5 

Heater-Cathode Voltage : 

Peak value . +300 —5500 

Average value . -|-100 —900 

CHARACTERISTIC Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 34 


volts 

mA 

mA 

watts 

volts 

volts 


volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6DE6 

4DE6 SHARP-CUTOFF PENTODE 

Miniature type used in the gain-controlled picture if 
stages of television receivers utilizing an intermediate 
frequency in the order of 40 MHz and as an rf am¬ 
plifier in vhf television tuners. Outlines section, 5C; re¬ 
quires miniature 7-contact socket. Type 4DE6 is iden¬ 
tical with type 6DE6 except for heater ratings. 


Heater Voltage (ac/dc) .. 

4DE6 

4.2 

6DE6 

6.3 

volts 

Heater Current . 

0.45 

0.3 

ampere 

Heater Warm-up Time (Average) . 

11 

— 

seconds 

Heater-Cathode Voltage: 

Peak value . 

±200 max 

±200 max 

volts 

Average value . 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Unshielded 
0.025 max 

Shielded* 
0.015 max 

PF 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

6.5 

6.5 

PF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 
and Internal Shield . 

2 

3 

PF 


4 With external shield connected to cathode. 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage .. 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 2.3 watts 
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Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.55 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 


TYPE 6DE6 

GRID No.3 AND INTERNAL SHIELD 

rnNNPPTrn to rATuonc at cnrwcT 


GRID 

—No.l 

l VOL 

TS*I25 

L_J 






/ 


0 

□ 

tl 





~r 

- 

- ~ 







f 




-2 




_ , 

k- - 








7 






-3 



r 

< 

GRID; 

-No.l 

volt; 

S EC| 

>-4 



h~ 

1 

1 


1 1 

s.I 


_=5 


r~- 

-1 

E 

1-1 

■-1 


E — 


— 6 


30 


■ 20 


10 


100 200 300 400 

PLATE VOLTS 92CS-8578TI 


CHARACTERISTICS 

Plate Supply Voltage . . ... 125 volts 

Grid No.3 . Connected to cathode at socket 

Grid-No.2 Supply Voltage . 125 volts 

Cathode-Bias Resistor . 56 ohms 

Plate Resistance (Approx.) . 0.25 megohm 

Transconductance . 8000 fim hos 

Transconductance for grid-No.l volts of —5.5 and cathode resistor 

of 0 ohms . 700 jtimhos 

Plate Current . 15.5 mA 

Grid-No.2 Current . 4.2 mA 

Grid-No.l Voltage (Approx.) for plate current of 20 fiA . —9 volts 


6DE7 

DUAL TRI0DE iode7, 13DE7 

Miniature type used as combined vertical oscillator and 
vertical-deflection amplifier in television receivers. 
Unit No.l is used as a blocking oscillator in vertical- 
deflection circuits, and unit No.2 is used as a vertical- 
deflection amplifier. Outlines section, 6E; requires mini¬ 
ature 9-contact socket. For curve of average plate characteristics, Unit 
No.2, refer to type 6DR7. Types 10DE7 and 13DE7 are identical with type 
6DE7 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


6DE7 10DE7 

13DE7 


6.3 9.7 

13 

volts 

0.9 0.6 

0.45 

ampere 

— 11 

11 

seconds 

±200 max ±200 max ±200 max 

volts 

100 max 100 max 

100 max 

volts 

Unit No.l Unit No.2 


4 8.5 


pF 

2.2 5.5 


pF 

0.52 1 


pF 


Class At Amplifier 


CHARACTERISTICS Unit No.l Unit No.2 

Plate Voltage . 250 150 

Grid Voltage . —11 —17.5 

Amplification Factor . 17.5 6 

Plate Resistance (Approx.) . 8750 925 

Transconductance . 2000 6500 

Plate Current . 5.5 35 

Plate Current for grid voltage of —24 volts . — 10 

Grid Voltage (Approx.) for plate current of 10 fiA —20 — 

Grid Voltage (Approx.) for plate current of 50 nA — -—44 


volts 

volts 

ohms 

/imhos 

mA 

mA 

volts 

volts 
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Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 



Unit No.l 

Unit No.2 


MAXIMUM RATINGS (Design-Maximum Values) 

Oscillator 

Amplifier 


DC Plate Voltage . 

330 

275 

volts 

Peak Positive-Pulse Plate Voltage# . 

— 

1500 

volts 

Peak Negative-Pulse Grid Voltage . 

400 

250 

volts 

Peak Cathode Current . 

77 

175 

mA 

Average Cathode Current . 

22 

50 

mA 

Plate Dissipation . 

1.5 

7 

watts 

MAXIMUM CIRCUIT VALUES 




Grid-Circuit Resistance: 




For grid-resistor bias or cathode-bias operation 

2.2 

2.2 

megohms 

# Pulse duration must not exceed 15% of a vertical 

scanning cycle 

(2.5 milliseconds). 



6DG6GT BEAM POWER TUBE 

Glass octal type used as output tube in audio-ampli¬ 
fier applications Outlines section, 13D; requires octal 
socket. This type may be supplied with pin 1 omitted. 



7S 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 1.2 amperes 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 0.6 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 15 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 10 pF 


Class Ai Audio-Frequency Power Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 


200 

. volts 

Grid-No.2 (Screen-Grid) Voltage . 


125 

volts 

Plate Dissipation . 


10 

watts 

Grid-No.2 Input .. 


1.25 

watts 

TYPICAL OPERATION 

Plate Supply Voltage . 

110 

200 

volts 

Grid-No.2 Supply Voltage . 

110 

125 

volts 

Grid-No.l (Control-Grid) Supply Voltage . 

—7.5 

— 

volts 

Peak AF Grid-No.l Voltage . 

7.5 

8.5 

volts 

Cathode-Bias Resistor . 

— 

180 

ohms 

Zero-Signal Plate Current . 

49 

46 

mA 

Maximum-Signal Plate Current .. . 

50 

47 

niA 

Zero-Signal Grid-No.2 Current . 

4 

2.2 

mA 

Maximum-Signal Grid-No.2 Current . 

10 

8.5 

mA 
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Plate Resistance (Approx.) . 13000 28000 

Transconductance . 8000 8000 

Load Resistance . 2000 4000 

Total Harmonic Distortion . 10 10 

Maximum-Signal Power Output . 2.1 3.8 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


ohms 
jtonhos 
ohms 
per cent 
watts 


megohm 

megohm 


H 



6DJ8/ 

MEDIUM-MU TWIN TRIODE ECC88 

INDUSTRIAL 

TYPE 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners. Outlines section, 
6B; requires miniature 9-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Inter electrode Capacitances: 

Grid to Plate . 

Grid to Cathode, Heater, and Internal Shield 
Cathode to Grid, Heater, and Internal Shield 
Plate to Cathode, Heater, and Internal Shield 
Plate to Grid, Heater, and Internal Shield . 

Plate to Cathode . 

Heater to Cathode . 

Grid to Heater . 

Plate of Unit No. 1 to Plate of Unit No. 2 . 
Grid of Unit No. 2 to Plate of Unit No. 1 . . . 


6.3 

volts 

0.365 

ampere 

Unit No. 1 Unit No. 2 

— —150 

volts 

50 —130 

volts 

1.4 1.4 

pF 

3.3 — 

pF 

— 6.0 

pF 

1.8 — 

pF 

— 2.8 

pF 

— 1.8 

pF 

— 2.7 

pF 

0.13 

PF 

0.045 

pF 

0.005 

PF 


Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Values) 


Plate Supply Voltage . 130 volts 

Cathode Current . 25 mA 

Plate Dissipation . 1.8 watts 

Negative Grid Voltage . 50 volts 

Plate Supply Voltage (cold condition) . 550 volts 

CHARACTERISTICS 

Plate Voltage . 90 volts 

Grid Voltage . —1.3 volts 

Amplification Factor . 33 

Transconductance . 12250 /zmhos 

Plate Current . 15 mA 

Equivalent Noise Resistance . 300 ohms 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 1.0 megohm 

Heater to Cathode Circuit Resistance . 0.02 megohm 



7CM 


6DK6 

SHARP-CUTOFF PENTODE 3 dk6. 4dk«. «dk« 

Miniature type used as if-amplifier tube in color and 
black-and-white television receivers. Outlines section, 
5C; requires miniature 7-contact socket. Types 3DK6, 
4DK6, and 12DK6 are identical with type 6DK6 except 
for heater ratings. 
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Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 


f +200 max 
l—300 max 
100 max 


Average value .. 100 max 100 max 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3 and 
Internal Shield 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield . 


6DK6 12DK6 

6.3 12.6 volts 

0.3 0.15 ampere 

— — seconds 

±200 max ±200 max 

volts 

100 max 100 max 

volts 

0.025 max 

PF 

6.3 

pF 

1.9 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 2.3 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.55 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 



PLATE VOLTS 92CS-985ITI 


CHARACTERISTICS 

Plate Supply Voltage .. 

Grid No.3 . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 20 /iA 


. 125 volts 

Connected to cathode at socket 

. 125 volts 

. 56 ohms 

. 0.35 megohm 

. 9800 jttmhos 

. 12 mA 

. 3.8 mA 

. —6.5 volts 


HALF-WAVE 
VACUUM RECTIFIER 

25DL3 

Novar type used as a damper tube in television receiv¬ 
ers. Outlines section, 40B; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, 8, and 9 should not 
be used as tie points. Type 25DL3 is identical with type 
6DL3 except for heater ratings. 




9GD 




























TECHNICAL DATA 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (average) 
Direct Interelectrode Capacitances: 
Cathode to Plate and Heater 
Plate to Cathode and Heater 
Heater to Cathode . 


£44 


6DL3 

25DL3 


6.3 

25.2 

volts 

2.3 

0.45 

ampere 

— 

11 

seconds 


17 

PF 


13 

PF 


4.4 

PF 


Damper Service 

For operation in a 525-line, 30-frame system 


Peak Inverse Plate Voltage# . 6500 

Peak Plate Current . 1800 

Average Plate Current . 400 

Plate Dissipation . 11 

Bulb Temperature (At hottest point) . 220 

Heater-Cathode Voltage: 

Peak value . -f-300 •—6500 

Average value . -flOO —900 


volts 

mA 

mA 

watts 

°C 

volts 

volts 


CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 800 mA .. 25 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle. 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6DM4A/6DA4. 


6DL4/EC88 


6DL5 

6DL5/EL95 


6DM4 

6DM4A 



4CG 


6DM4A/ 

HALF-WAVE 6DA4 

VACUUM RECTIFIER 17DM4A 

Glass octal type used as damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec¬ 
tion, 13G; requires octal socket. Socket terminals 1, 2, 
4, and 6 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Type 17DM4A is identical with type 6DM4A/ 
6DA4 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 


6DM4A/6DA4 17DM4A 
6.3 16.8 

1.2 0.45 

— 11 


volts 

amperes 

seconds 


Damper Service 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 5000 

Peak Plate Current . 1200 

Average Plate Current . 200 

Plate Dissipation . 6.5 

Heater-Cathode Voltage: 

Peak value . -f300 —5000 

Average value . -j-100 —900 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 


volts 

mA 

mA 

watts 

volts 

volts 

microseconds). 
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6DN3 


HALF-WAVE 
VACUUM RECTIFIER 


Novar type used as a damper diode in horizontal- 
deflection circuits of color television receivers. Outlines 
section, 8G; requires novar 9-contact socket. Terminals 
1, 3, 6, and 8 should not be used as tie points for ex¬ 
ternal-circuit components. 



Heater Voltage (ac/dc) . 

Heater Current ... 

Direct Interelectrode Capacitances: 
Plate to Cathode and Heater . 
Cathode to Plate and Heater . 
Heater to Cathode . 


6.3 

volts 

2.4 

amperes 

13 

pF 

16 

PF 

4 

pF 


Damper Service 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 5500 volts 

Peak Plate Current . 2100 mA 

Average Plate Current . 350 mA 

Plate Dissipation . 9 watts 

Bulb Temperature (At hottest point) . 220 °C 

Heater-Cathode Voltage: 

Peak value . -f-300 —5500 volts 

Average value .. -}-100 —900 volts 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 14 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6DN6 Refer to chart at end of section. 


6DN7 MEDIUM-MU DUAL TRIODE 

Glass octal type used as combined vertical-deflection- 
oscillator and vertical-deflection-amplifier tube in tele¬ 
vision receivers. Outlines section, 13B; requires octal 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.9; maxi¬ 
mum heater-cathode volts, ±200 peak, 100 average. 



Class At Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 fiA . . 
Grid Voltage (Approx.) for plate current of 50 /xA . . 


Unit No.l 

Unit No.2 


250 

250 

volts 

—8 

—9.5 

volts 

22.5 

15.4 


9000 

2000 

ohms 

2500 

7700 

/imhos 

8 

41 

mA 

—18 

— 

volts 

— 

—23 

volts 


Vertical-Deflection Oscillator and Amplifier 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation .. 

# Pulse duration must not exceed 15% of a vertical 


Unit No.l 
Oscillator 
350 

Unit No.2 
Amplifier 

550 

volts 

— 

2500 

volts 

400 

250 

mA 

— 

150 

mA 

— 

50 

mA 

1 

10 

watts 


2.2 2.2 

megohms 

2.2 — 

megohms 


scanning cycle (2.5 milliseconds). 
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Refer to chart at end of section. 

For replacement use type 6CG3/6BW3/6DQ3. 


6DQ3 


Refer to chart at end of section. 


6DQ4 



BEAM POWER TUBE 


6DQ5 


Glass octal type used as horizontal-deflection ampli¬ 
fier in color and black-and-white television receivers. 
Outlines section, 21B; requires octal socket. 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . . 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 


socket. 


6.3 

volts 

2.5 

amperes 

±200 max 

volts 

100 max 

volts 

0.5 

PF 

23 

pF 

11 

pF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid No.2 (Screen-Grid) Voltage . 

Grid No.l (Control-Grid) Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate mA = 1 . 
• Grid No.2 connected to plate. 


Pentode 

Triode* 


Connection 

Connection 


70 

175 

125 

volts 

125 

125 

— 

volts 

0 

—25 

—25 

volts 

— 

— 

3.3 


— 

5500 

— 

ohms 

— 

10500 

— 

/imhos 

550* 

110 

— 

mA 

42* 

5 

— 

mA 

— 

—55 

— 

volts 


* This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 



Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 990 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1100 volts 

DC Grid-No.2 (Screen-Grid) Voltage . 190 volts 

Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage . 250 volts 

Peak Cathode Current . 1100 mA 

Average Cathode Current . 315 mA 

Grid-No.2 Input . 3.2 watts 

Plate Dissipation* . 24 watts 

Bulb Temperature (At hottest point) . 220 °C 
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MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance, for grid-resistor-bias operation .... 0.47 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ A bias resistor or other means is required to protect the tube in absence of excitation. 


6DQ6A Refer to chart at end of section. 

6DQ6B For replacement use type 6GW6/6DQ6B. 

6DR7 

10DR7, 13DR7 DUAL TRIODE 

Miniature type containing high-mu and low-mu ° J 2 
triodes; used as combined vertical-deflection-oscillator 
and vertical-deflection-amplifier tube in television re¬ 
ceivers. Outlines section, 6E; requires miniature 9-con¬ 
tact socket. Types 10DR7 and 13DR7 are identical with 
type 6DR7 except for heater ratings. 9HF 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


6DR7 10DR7 13DR7 

6.3 9.7 13 volts 

0.9 0.6 0.45 ampere 

— 11 11 seconds 

±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 

Unit No.l Unit No.2 

4.5 8.5 pF 

2.2 5.5 pF 

0.34 1 pF 
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Peak Negative-Pulse Grid Voltage 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For grid-resistance-bias or cathode-bias operation 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 


400 

250 

volts 

70 

175 

mA 

20 

50 

mA 

1 

7 

watts 



6DS4 / 

HIGH-MU TRIODE ids* 

Nuvistor type used as grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and-white 
television and FM receivers. Outlines section, 1; re¬ 
quires nuvistor socket. Type 2DS4 is identical with 
type 6DS4 except for heater ratings. 


12AQ 


2DS4 6DS4 

Heater Voltage (ac/dc) . 2.1 6.3 volts 

Heater Current . 0.45 0.135 ampere 

Heater Warm-up Time (Average) . 8 — seconds 

Peak Heater-Cathode Voltage . ±100 max ±100 max volts 

Direct Interelectrode Capacitances (Approx.) 

Grid to Plate .. ... 0.92 pF 

Grid to Cathode, Heater, and Shell . 4.3 pF 

Plate to Cathode, Heater, and Shell . 1.8 pF 

Plate to Cathode . 0.18 pF 

Heater to Cathode . 1.6 pF 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 300° volts 

Plate Voltage . 135 volts 

Grid Voltage, Negative-bias value . 65 volts 

Grid Voltage, Peak positive value . 0 volts 

Cathode Current . 15 mA 

Plate Dissipation . 1.5 watt 

CHARACTERISTICS 

Plate Supply Voltage . 110 volts 

Grid Supply Voltage . 0 volts 

Cathode-Bias Resistor . 130 ohms 

Amplification Factor . 63 

Plate Resistance (Approx.) . 7000 ohms 

Transconductance . 9000 ju mhos 

Plate Current . 6.5 mA 

Grid Voltage (Approx.) for plate current of 100 /iA . —5 volts 

Grid Voltage (Approx.) for plate current of 10 fiA. . —6.8 volts 

































252 


RCA Receiving Tube Manual 


TYPICAL OPERATION 

Plate Voltage . 

Grid Supply Voltage . 

Grid Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) 

Transconductance . 

Plate Current . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: ■ 

For fixed-bias operation . 
For cathode-bias operation 


70 

volts 

0 

volts 

47000 

ohms 

68 


5440 

ohms 

12500 

jumhos 

7 

mA 


0.5 

megohm 

2.2 

megohm 


° A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used 
in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of operation. 


■ For operation at metal-shell temperatures up to 125°C. 


6DS5 

liDss BEAM POWER TUBE 

Miniature type used in the audio output stages of tele¬ 
vision and radio receivers. Outlines section, 5D; re¬ 
quires miniature 7-contact socket. Type 11DS5 is identi¬ 
cal with type 6DS5 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to Plate . . . 


Plate to Cathode, Heater, Grid No.2, and Grid No.3 


6DS5 

11DS5 


6.3 

11.2 

volts 

0.8 

0.45 

ampere 

— 

11 

seconds 

±200 max 

±200 max 

volts 


0.19 

pF 

.3 . 

9.5 

pF 


6.3 

PF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value .. 

Plate Dissipation . . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 


275 

volts 

275 

volts 

0 

volts 

9 

watts 

2.2 

watts 

250 

°C 



TYPICAL OPERATION AND 
CHARACTERISTICS 


Cathode-Bias 

Operation 


Fixed-Bias 

Operation 


Plate Supply Voltage . . . 
Grid-No.2 Supply Voltage 

Grid-No.l Voltage . 

Cathode-Bias Resistor . .. 


200 

250 

200 

250 

volts 

200 

200 

200 

200 

volts 

180 

270 

—7.5 

—8.5 

ohms 
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Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 
Zero-Signal Grid-No.2 Current . . . 
Maximum-Signal Grid-No.2 Current 

Plate Resistance (Approx.) . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . . . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . . . . 


ZD3 


7.5 

9.2 

7.5 

34.5 

27 

35 

32.5 

25 

36 

3.5 

3 

3 

9 

9 

9 

28000 

28000 

28000 

6000 

5800 

6000 

6000 

8000 

6000 

10 

10 

9 

2.8 

3.6 

3 


8.5 

volts 

29 

mA 

32 

mA 

3 

mA 

10 

mA 

28000 

ohms 

5800 

/imhos 

8000 

ohms 

10 

per cent 

3.8 

watts 


0.1 megohm 

1 megohm 


Refer to chart at end of section. 

For replacement use type 6CE3/6CD3/6DT3. 


6DT3 



k,g 3 


6DT5 

BEAM POWER TUBE udts 

Miniature type used as a vertical-deflection-amplifier 
tube in television receivers employing 110-degree pic¬ 
ture-tube systems. Outlines section, 6E; requires 
miniature 9-contact socket. Type 12DT5 is identical 
with type 6DT5 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6DT5 12DT5 
6.3 12.6 volts 

1.2 0.6 amperes 

— 11 seconds 

±200 max ±200 max volts 

100 max 100 max volts 


Class Ax Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No. 2 Voltage . 

Grid-No.l Voltage . 

Transconductance . 

Plate Current .. 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 

of 100 mA . 

• These values can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 


60 

80 

250 

volts 

150 

250 

250 

volts 

0 

0 

—16.5 

volts 

— 

— 

6200 

/tmhos 

95- 

195 # 

44 

mA 

8.5 # 

19* 

1.5 

mA 

— 

— 

—35 

volts 

a recurrent waveform such 

that the 


Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# .. 

Grid-No.2 (Screen-Grid) Voltage ... 

Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage . 

Peak Cathode Current . 

Average Cathode Current .. 

Plate Dissipation . 

Grid-No.2 Input . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . . 

For cathode-bias operation . 

# Pulse duration must not exceed 15% of a vertical scanning cycle 


315 

volts 

2200 

volts 

285 

volts 

250 

volts 

190 

mA 

55 

mA 

9 

watts 

2 

watts 


0.5 megohm 

1 megohm 

(2.5 milliseconds). 


Refer to chart at end of section. 


6DT6 
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6DT6A 

3DT6A, 4DT6A SHARP-CUTOFF PENTODE 

Miniature type used as FM detector in color and black- 
and-white television receivers. Outlines section, 5C; 
requires miniature 7-contact socket. Types 3DT6A and 
4DT6A are identical with type 6DT6A except for 
heater ratings. 




3DT6A 

4DT6A 

6DT6A 


Heater Voltage (ac/dc) . 


3.15 

4.2 

6.3 

volts 

Heater Current . 


0.6 

0.45 

0.3 

ampere 

Heater Warm-up Time (Average) .... 
Heater-Cathode Voltage: 


11 

11 

— 

seconds 

Peak value . 


±200 max 

±200 max ±200 max 

volts 

Average value . 

Direct Interelectrode Capacitances (Approx.)* 

100 max 

100 max 100 max 

volts 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid 

No.2, Grid 

No.3, and 


0.02 

PF 

Internal Shield . 




5.8 

pF 

Grid No.3 to Plate . 




1.7 

pF 

Grid No.l to Grid No.3 . 

Grid No.3 to Cathode, Heater, Grid 

No.l, Grid 

No.2, and 


0.1 

pF 

Internal Shield . 

* External shield connected to cathode. 




6.1 

PF 



Class A x Amplifier 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 (Suppressor Grid) . Connected 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Cathode-Bias Resistor .. 

Plate Resistance (Approx.) . 

Transconductance, Grid No.l to Plate .. 

Transconductance, Grid No.3 to Plate .. 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 10 jiA . 

Grid-No.3 Voltage (Approx.) for plate current of 10 /zA . 


150 volts 

to cathode at socket 


100 

560 

0.15 

1350 

515 

1.55 

1.8 

—5.2 

—4.2 


volts 
ohms 
megohm 
/zmhos 
fim hos 
mA 
mA 
volts 
volts 


FIS/I Detector 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation .. 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For lixed-bias operation . 

For cathode-bias operation . 


330 volts 

28 volts 

330 volts 

See curve page 300 
0 volts 

1.7 watts 

1.1 watts 

See curve page 300 


0.25 megohm 

0.5 megohm 


6DT8 

12 DT 8 HIGH-MU TWIN TRIODE 

Miniature type used in radio and television receiver 
applications and in push-pull rf amplifiers or as fre¬ 
quency converter in FM tuners. Outlines section, 6B; 
requires miniature 9-contact socket. Type 12DT8 is 
identical with type 6DT8 except for the heater ratings. 
Except for heater and heater-cathode ratings, inter¬ 
electrode capacitances, and basing arrangement, these 
types are identical with miniature type 12AT7. 



9AJ 



































Technical Data 


255 


6DT8 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.3 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances (Approx., Each Unit Except as 
Noted: 

Grid to Plate . 

Grid to Cathode, Heater, and Internal Shield . 

Plate to Cathode, Heater, and Internal Shield . 

Heater to Cathode . 

Cathode to Grid, Heater, and Internal Shield (Unit No.2) .... 

Plate to Grid, Heater, and Internal Shield (Unit No.2) . 

f With external shield connected to grid of unit under test. 

• With external shield connected to ground. 

* With external shield connected to cathode of unit under test. 


12DT8 

12.6 

0.15 

±200 max 
100 max 


1.6* 

2.7* 

1.6* 

3* 


5.3f 

2.8t 


volts 

ampere 

volts 

volts 


pF 

pF 

PF 

PF 

pF 

pF 


P 



INDEX ® LARGE LUG 
• - SHORT PIN 


12EA 


MEDIUM-MU TRIODE 6DV4 

2DV4 

Nuvistor type used at frequencies up to 1000 MHz in 
uhf oscillator stages of color and black-and-white tele¬ 
vision receivers. Outlines section, 1; requires nuvistor 
socket. Type 2DV4 is identical with type 6DV4 except 
for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitance (Approx.) : 

Grid to Plate . 

Grid to Cathode, Heater, and Shell . 

Plate to Cathode, Heater, and Shell . 

Plate to Cathode . 

Heater Xo Cathode . 

Grid to Cathode . 


2DV4 

6DV4 


2.1 

6.3 

volts 

0.45 

0.135 

ampere 

8 

— 

seconds 

±100 max 

±100 max 

volts 


1.8 

pF 


4.4 

pF 


1.9 

pF 


0.25 

pF 


1.4 

PF 


3.7 

pF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 300 volts 

Plate Voltage . 125 volts 

Grid Voltage: 

Negative-bias value . 55 volts 

Peak positive value . 2 volts 

Plate Dissipation . 1 watt 

Cathode Current . 15 mA 

CHARACTERISTICS 

Plate Supply Voltage . 75 volts 

Cathode-Bias Resistor . 100 ohms 

Amplification Factor . 35 

Plate Resistance (Approx.) . 3100 ohms 

Transconductance . 11500 janhos 

Plate Current . 10.5 mA 

Grid Voltage (Approx.) for plate current of 10 fi A . —7 volts 

TYPICAL OPERATION AS OSCILLATOR AT 950 MHz 

Plate Voltage . 60 volts 

Grid Voltage . —2 volts 

Grid Resistor . 5600 ohms 

Plate Current . 8 mA 

Grid Current . 350 /iA 
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MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance:* 

For fixed-bias operation . 

For cathode-bias operation . 

• For operation at metal-shell temperatures up to 135°C. 


megohm 

megohm 


6DW4 

6DW4A 


Refer to chart at end of section. 


6DW4B HALF-WAVE 

VACUUM RECTIFIER 

Novar types used as damper tubes in horizontal-deflec¬ 
tion circuits of color and black-and-white television 
receivers. Outlines section, 11D and 30B, respectively; 
require novar 9-contact socket. Socket terminals 1, 3, 

6, and 8 should not be used as tie points; it is recom¬ 
mended that socket clips for these pins be removed to reduce the possibility 
of arc-over and to minimize leakage. These tubes, like other power-handling 
tubes, should be adequately ventilated. 



Heater Voltage (ac/dc) . 6.3 

Heater Current . 1.2 

Direct Interelectrode Capacitances (Approx.) : 

Plate to Cathode and Heater . 6.5 

Cathode to Plate and Heater . 9 

Heater to Cathode . 2.8 


Damper Service 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 5500 

Peak Plate Current . 1300 

Average Plate Current . 250 

Plate Dissipation . 8.5 

Heater-Cathode Voltage: 

Peak value . +300 —5000 

Average value . +100 —900 


volts 

amperes 

pF 

pF 

PF 


volts 

mA 

mA 

watts 

volts 

volts 


CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 25 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6DW5 

6DX8 


Refer to chart at end of section. 
Refer to chart at end of section. 
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HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6DX8/ 

ECL84 


10DX8/LCL84 

Miniature type used in color and black-and-white tele¬ 
vision-receiver applications. The triode unit is used as 
a sync-separator, sync-amplifier, keyed-age, or noise- 
suppressor tube. The pentode unit is used as a video-output tube. Outlines 
section, 6E; requires miniature 9-contact socket. Type 10DX8/LCL84 is 
identical with type 6DX8/ECL84 except for heater ratings. 

6DX8/ECL84 10DX8/LCL84 

Heater Voltage (ac/dc) . 6.3 10.2 volts 

Heater Current . 0.72 0.45 ampere 

Peak Heater-Cathode Voltage . ±200 max ±200 max volts 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values; Triode Unit Pentode Unit 

Plate Supply Voltage . 550 550 

Peak Plate Voltage, with maximum plate current of 

0.1 mA . 600 — 

Plate Voltage . 300 300 

Grid-No.2 (Screen-Grid) Supply Voltage . — 550 

Grid-No.2 Voltage . — 300 

Cathode Current . 12 40 

Plate Dissipation . 1 4 

Grid-No.2 Input . — 1.7 


volts 

volt3 

volts 

volts 

volts 

mA 

watts 

watts 


CHARACTERISTICS 


Triode Unit Pentode Unit 


Plate Voltage . 

Grid-No.2 Voltage . 

Grid No.l Voltage . 

Amplification Factor . 

Mu-Factor, Grid-No.2 to Grid-No.l 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 


200 

170 

200 

220 

volts 

— 

170 

200 

220 

volts 

—1.7 

65 

—2.1 

—2.9 

—3.4 

volts 

36 

36 

36 


— 

0.1 

0.13 

0.15 

megohm 

4000 

11000 

10400 

10000 

/imhos 

3 

18 

18 

18 

mA 

— 

3 

3 

3 

mA 


MAXIMUM CIRCUIT VALUES 

Grid-No.l- Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation . 1 1 megohm 

For cathode-bias operation . 3 2 megohms 

• With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 



7DK 


MEDIUM-MU TRIODE 6DZ4 

Miniature type used as a local-oscillator tube in uhf 
color and black-and-white television receivers covering 
the frequency range from 470 to 890 MHz. Outlines 
section, 5B; requires miniature 7-contact socket. For 
curve of average plate characteristics, refer to type 
6AF4A. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) :° 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

0 With external shield connected to cathode. 


6.3 

volts 

).225 

ampere 

±50 max 

volts 

25 max 

volts 

1,8 

pF. 

2.2 

pF 

1.3 

pF 
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Class Ai Amplifier 

CHARACTERISTICS 

Plate Supply Voltage . 

Plate Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance .. 

Plate Current . 

Grid Voltage (Approx.) for plate current of 20 /iA . 

UHF Oscillator 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, Negative-bias value . 

Grid Current . 

Cathode Current . 

Plate Dissipation . 

TYPICAL OPERATION AS OSCILLATOR AT 1000 MHz 

Plate Supply Voltage . 

Plate-Circuit Resistance . 

Grid Resistor . 

Plate Current . 

Grid Current (Approx.) . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


80 

volts 

2700 

ohms 

14 


2000 

ohms 

6700 

/unhos 

15 

mA 

—11 

volts 


135 

volts 

50 

volts 

2 

mA 

20 

mA 

2.3 

watts 

135 

volts 

2700 

ohms 

10000 

ohms 

15.5 

mA 

800 

fiA 


Not recommended 
0.5 megohm 


6DZ7 


Refer to chart at end of section. 


6E5 


ELECTRON-RAY TUBE 


Glass type used to indicate the effects of a change in a 
controlling voltage. It is used to indicate accurate 
radio-receiver tuning. Outlines section, 13H; requires 
6-contact socket. Heater: volts (ac/dc), 6.3; amperes, 
0.3. For additional considerations, refer to Tuning 
Indication with Electron-Ray Tubes in Electron Tube 
Applications section. 



Tuning Indicator 


MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 


Plate-Supply Voltage . 

Target Voltage . 

TYPICAL OPERATION 

Plate and Target Supply Voltage 

Series Triode-Plate Resistor . 

Target Current*! . 

Triode-Plate Current* 

Triode-Grid Voltage (Approx.): 

For shadow angle of 0° . 

For shadow angle of 90® 

* For zero triode-grid voltage, 
f Subject to wide variations. 



250 max 

volts 


(250 max 

volts 


1125 min 

volts 

200 

250 

volts 

1 

1 

megohm 

3 

4 

mA 

0.19 

0.24 

mA 

—6.5 

—8 

volts 

0 

0 

volts 


6 E6 

6E7 

6EA4 

6EA5 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6CY5. 
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Refer to chart at end of section. 
For replacement use type 6EM7/6EA7. 


6EA7 



9AE 


MEDIUM-MU TRIODE— 6EA8 

SHARP-CUTOFF PENTODE 5EA8, 19EA8 

Miniature type used as combined oscillator and mixer 
in color and black-and-white television receivers utiliz¬ 
ing an intermediate frequency in the order of 40 MHz. 
Outlines section, 6B; requires miniature 9-contact 
socket. Types 5EA8 and 19EA8 are identical with 
type 6EA8 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, 
Pentode Grid No.3, and Internal Shield . 
Plate to Cathode, Heater, Pentode Cathode, 
Pentode Grid No.3, and Internal Shield . . 

Cathode to Heater . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 
Grid No.3, and Internal Shield . 


5EA8 

6EA8 

19EA8 


4.7 

6.3 

18.9 

volts 

0.6 

0.45 

0.15 

ampere 

11 

11 

11 

seconds 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 

Unshielded Shielded 



1.7 

1.7 

pF 


3 

3.2 

pF 


1.4 

1.9 

pF 


3 

3- 

PF 


0.02 max 

0.01 max 

pF 

ro.3. 

5 

5 

pF 


2.6 

3.4 

PF 


3 

3- 

pF 


and Internal Shield . 

Heater to Cathode . 

° With external shield connected to cathode of unit under test except as noted. 
■ With external shield connected to ground. 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 


Triode Unit Pentode Unit 


330 

330 

volts 

— 

330 

volts 

0 

See curve page 300 

0 

volts 

2.5 

3.1 

watts 

— 

0.55 

watt 


— See curve page 300 
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CHARACTERISTICS 

Plate Supply Voltage . 150 

Grid-No.2 Voltage . — 

Grid-No. 1 Voltage . — 

Cathode-Bias Resistor . 56 

Amplification Factor . 40 

Plate Resistance (Approx.) . 5000 

Transconductance . 8500 

Plate Current . 18 

Grid-No.2 Current . — 

Grid-No. 1 Voltage for plate current of 10 /iA . —12 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. Pentode unit is used as 
video output amplifier; triode unit is used in sync- 
separator, sync-clipper, and phase-inverter circuits. 
Outlines section, 6E; requires miniature 9-contact 
socket. 



125 

volts 

125 

volts 

—1 

volt 

— 

ohms 

200000 

ohms 

6400 

/imhos 

12 

mA 

4 

mA 

—9 

volts 



H 


(s) ^G3p.Kp 

0- 

is 

(n) (w 

K 

Q. 

“X""/ Aa) 

GT X: 

> J/ W G 2 p 


■- \A) 

KT W 

W PR 


9DX 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater. 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Triode Grid to Pentode Plate . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 


6.3 

volts 

0.75 

ampere 

±200 max 

volts 

100 max 

volts 

4.4 

PF 

2.4 

PF 

0.36 

PF 

0.1 max 

PF 

11 

pF 

4.2 

pF 

0.018 max 

pF 

0.005 max 

pF 

0.17 max 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 


Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current. 

Grid-No.2 Current . 

Grid Voltage (Approx.) for plate current of 20 fiA . . 
Grid-No.l Voltage (Approx.) for plate current of 
100 fiA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


330 


330 


volts 

— 


330 


volts 

— 

See 

curve page 

300 


0 


0 


volts 

1 


5 


watts 

_ 


1.1 


watts 

— 

See 

curve page 

300 


250 


200 


volts 

— 


125 


volts 

—2 


— 


volts 

— 


68 


ohms 

100 


— 



37000 


75000 


ohms 

2700 


12500 


/imhos 

2 


25 


mA 

— 


7 


mA 

—5 


— 


volts 

— 


—9 


volts 


0.5 

0.25 

megohm 

1 

1 

megohm 
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PLATE VOLTS 92CS-990ST 


PLATE VOLTS 92CS-9907TI 


Refer to chart at end of section. 


6EC4A/EY500 


Refer to chart at end of section. 
For replacement use type 6EH4A. 


6EH4 



BEAM TRIODE 6EH4A 

Duodecar type used as a shunt regulator in the high- 
voltage power supply of color television receivers. Out¬ 
lines section, 16G; requires duodecar 12-contact socket. 
For high-voltage and X-ray safety considerations, refer 
to page 93. This type is electrically identical with type 
6EJ4A. 



7CV 


POWER PENTODE 


6EH5 

25EH5, 50EH5 


Miniature type used in the audio output stage of 
radio and television receivers and in phonographs. 
Outlines section, 5D; requires miniature 7-contact 
socket. Types 25EH5 and 50EH5 are identical with 
type 6EH5 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) 

Grid No.l to Plate .. 

Grid No.l to Cathode, Heater, Grid No.2,__ 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 


6EH5 

25EH5 

50EH5 


6.3 

25 

50 

volts 

1.2 

0.3 

0.15 

ampere 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 



0.65 

pF 

and Grid No.3 


17 

pF 

Grid No.3 . . . . 


9 

pF 


Class At Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Plate Dissipation . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 

TYPICAL OPERATION 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Peak AF Grid-No. 1 Voltage . 


150 

volts 

130 

volts 

5.5 

watts 

2 

watts 

220 

°C 

110 

volts 

115 

volts 

62 

ohms 

3 

volts 
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Zero-Signal Plate Current . 

Maximum-Signal Plate Current . . . 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current 

Plate Resistance (Approx.) . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . . . 


42 

mA 

42 

mA 

11.5 

mA 

14.5 

mA 

11000 

ohms 

14600 

/imhos 

3000 

ohms 

7 

per cent 

1.4 

watts 



PLATE VOLTS 92CS-9623T 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


Push-Pull Class AB X Audio-Frequency Power Amplifier 

MAXIMUM RATINGS (Same as for Class Ai audio-frequency power amplifier) 
TYPICAL OPERATION (Values are for two tubes) 


Plate Supply Voltage . . . 140 

Grid-No.2 Supply Voltage . 120 

Cathode-Bias Resistor . 68 

Peak AF Grid-No.l Voltage . 9.4 

Zero-Signal Plate Current . 47 

Maximum-Signal Plate Current . 51 

Zero-Signal Grid-No.2 Current . 11 

Maximum-Signal Grid-No.2 Current . 17.7 

Effective Load Resistance (Plate-to-plate) . 6000 

Total Harmonic Distortion . 5 

Maximum-Signal Power Output . 3.8 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


Refer to chart at end of section. 

For replacement use type 6EH7/EF183. 


megohm 

megohm 


volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
per cent 
watts 


megohm 

megohm 


6EH 7/ 
EF183 

3EH7/XF183, 

4EH7/LF183 


SEMIREMOTE-CUTOFF 

PENTODE 



Miniature types used as if-amplifier tubes in color and 
black-and-white television receivers. Outlines section, 

6C; requires miniature 9-contact socket. Types 3EH7/XF183 and 4EH7/ 
LF183 are identical with type 6EH7/EF183 except for heater ratings. 
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3EH7/ 4EH7/ 

XF183 LF183 

Heater Voltage (ac/dc) . 3.4 4.4 

Heater Current . 0.6 0.45 

Peak Heater-Cathode Voltage . ±150 max ±150 max 

Direct Intevelectrode Capacitances : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 


6EH7/ 

EF183 

6.3 

0.3 

±150 max 
0.005 max 
9 
3 


volts 

ampere 

volts 

pF 

pF 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Supply Voltage . 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid No.3 . 

Grid-No.2 Voltage . 

Grid-No. 1 Voltage . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 


550 volts 

250 volts 

0 volts 

550 volts 

250 volts 

20 mA 

2.5 watts 

0.65 watt 


. 200 volts 

Connected to cathode at socket 

. 90 volts 

. —2 volts 

. 0.5 megohm 

. 12500 /imhos 

. 12 mA 

. 4.5 mA 


TYPICAL OPERATION 

Plate Voltage . 

Grid No.3 . 

Grid-No.2 Supply Voltage . 

Grid-No.2 Series Resistor . 

Grid-No.l Voltage . 

Transconductance . 

RMS Grid-No.l Voltage, for 
cross-modulation factor of 0.01 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance. 


200 200 200 
Connected to cathode 


200 

200 

200 

22000 

22000 

22000 

— 19.5 

—9.5 

—6.5 

125 

625 

1250 

450 

160 

100 


200 volts 

socket 

200 volts 

22000 ohms 

—2 volts 

12500 (ttmhoH 

— mV 


1 megohm 


Refer to chart at end of section. 


6EH8 


Refer to chart at end of section. 


6EJ4A 


Refer to chart at end of section. 
For replacement use type 6EJ7/EF184. 


6EJ7 


H 



P 

62 


6EJ7/ 

SHARP-CUTOFF PENTODE EF184 

3EJ7/XF184, 

4EJ7/LF184 

Miniature types used as if-amplifier tubes in color and 
black-and-white television receivers. Outlines section, 
6C; requires miniature 9-contact socket. Types 3EJ7V 
XF184 and 4EJ7/LF184 are identical with type 6EJ7/ 
EF184 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage 


3EJ7/ 4EJ7/ 6EJ7/ 

XF184 LF184 EF184 

3.4 4.4 6.3 

0.6 0.45 0.3 

±150 max ±150 max ±150 max 


volts 


ampere 

volts 
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Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.005 max 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 10 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 3 


pF 

pF 

pF 


Class At Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Supply Voltage . 

Plate Voltage . 

Grid-No. 2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Cathode Current . 

Plate Dissipation .. 

Grid-No. 2 Input . . 


550 

volts 

250 

volts 

550 

volts 

250 

volts 

25 

mA 

2.5 

watts 

0.9 

watt 


CHARACTERISTICS 

Plate Voltage . 

Grid No.3 . . .'/. 

Grid-No.2 Voltage . 

Grid-No. 1 Voltage . 

Plate Resistance (Approx.) 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 


190 200 volts 

Connected to cathode at socket 


190 

200 

volts 

—2.35 

—2.5 

volts 

0.35 

0.35 

megohm 

15000 

15000 

/imhos 

10 

10 

mA 

4.1 

4.1 

mA 


MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 1 megohm 


6EL4 Refer to chart at end of section. 

6EL4A For replacement use type 6BK4C/6EL4A. 


6EM5 

8EM5 BEAM POWER TUBE 

Miniature type used as vertical-deflection amplifier in 
television receivers utilizing picture tubes having di¬ 
agonal deflection angles of 110 degrees. Outlines sec¬ 
tion, 6G; requires miniature 9-contact socket. Type 
8EM5 is identical with type 6EM5 except for heater 
ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 
Grid No.l to Plate . 


Plate to Cathode, Heater, Grid No.2, and Grid No.3 


6EM5 

8EM5 


6.3 

8.4 

volts 

0.8 

0.6 

ampere 

— 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 


0.7 max 

pF 

3 . 

10 

pF 


5.1 

PF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 60 250 

Grid-No. 2 Voltage . 250 250 

Grid-No.l Voltage . 0 —18 

Mu Factor, Grid No.l to Grid No.2 . — 8.7 

Plate Resistance . — 0.05 

Transconductance . —• 5100 

Plate Current . 180* 40 

Grid-No.2 Current . 30* 3 

Grid-No.l Voltage (Approx.) for plate current of 

0.2 mA . . — —37 


• These values can be measured by a method involving a recurrent waveform 
maximum ratings of the tube will not be exceeded. 


volts 

volts 

volts 

megohm 

/imhos 

mA 

mA 

volts 

such that the 
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Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 315 volts 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum) . 2200* volts 

Grid-No.2 (Screen-Grid) Voltage . 285 volts 

Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage . 250 volts 

Peak Cathode Current . 210 niA 

Average Cathode Current . 60 mA 

Plate Dissipation . 10 watts 

Grid-No.2 Input . 1.5 watts 

Bulb Temperature (At hottest point) . 250 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Eesistance . 2.2 megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

* Under no circumstances should this absolute value be exceeded. 



PLATE VOLTS 92CS-9672T 



Refer to chart at end of section. 

For replacement use type 6EM7/6EA7. 


6EM7 



6EM7/6EA7 


DUAL TRI0DE „e‘m“’L*7 

Glass octal type used as combined vertical-deflection 
amplifier and vertical-deflection oscillator in color and 
black-and-white television receivers. Outlines section, 13A; requires octal 
socket. For curve of average plate characteristics, Unit No.l, refer to type 
6DR7 (Unit No.l). Types 10EM7, and 13EM7/15EA7 are identical with 
type 6EM7/6EA7 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater. 


6EM7/6EA7 10EM7 

13EM7/15EA7 

6.3 9.7 

13 

volts 

0.925 0.6 

0.45 

ampere 

— 11 

11 

seconds 

±200 max ±200 max 

±200 max 

volts 

100 max 100 max 

100 max 

volts 

Unit No.l Unit No.2 


4.8 

10 

pF 

2.2 

7 

pF 

0.6 

1.8 

pF 
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Class Ai Amplifier 


CHARACTERISTICS 

Unit No.l 

Unit No.2 


Plate Voltage . 

250 

150 

volts 

Grid Voltage . 

—3 

—20 

volts 

Amplification Factor . 

64 

5.4 

Plate Resistance (Approx.) . 

40000 

750 

ohms 

Transconductance . 

1600 

7200 

/imhos 

Plate Current . 

1.4 

50 

m A 

Plate Current, for plate voltage of 60 volts and 

zero grid voltage . 


95 

raA 

Plate Current, for grid voltage of —28 volts . 

— 

10 

mA 

Grid Voltage (Approx.) : 

For plate current of 10 /iA . 

—5.5 


volts 

For plate current of 100 fiA . 

— 

—45 

volts 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For grid-resistor-bias operation . 

For cathode-bias operation . 


Unit No.l 
Oscillator 

330 

Unit No.2 
Amplifier 

330 

volts 

—. 

1500 

volts 

400 

250 

volts 

77 

175 

mA 

22 

50 

mA 

1.5 

10 

watts 

Unit No.l 
2.2 

Unit No.2 

2.2 

megohms 

2.2 

2.2 

megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 



SHARP-CUTOFF 
BEAM TRIODE 

Glass octal type used as a shunt voltage-regulator tube 
in the high-voltage power supply of color television re¬ 
ceivers. Outlines section, 21B; requires octal socket. 
Socket terminals 3, 4, and 8 should not be used as tie 
points. For high voltage and X-ray safety considera¬ 
tions, refer to page 93. 




Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) :% 

Grid to Plate ... 

Plate to Cathode and Heater . 

Grid to Cathode and Heater . 


6.3 volts 

0.2 ampere 

—450* max volts 


1 

2.6 

1 


pF 

PF 

PF 
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* Series impedance should be used with the cathode to limit the cathode current under pro¬ 
longed short-circuit conditions to 450 mA. 
t Without external shield. 


Shunt Voltage-Regulator Service 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 30000 volts 

Unregulated DC Supply Voltage . 60000 volts 

DC Grid Voltage . —135 volts 

Peak Grid Voltage* . —440 mA 

Average Plate Current . 1.6 mA 

Plate Dissipation . 40 watts 

TYPICAL OPERATION 

Unregulated DC Supply Voltage . 36000 volts 

Equivalent Resistance of Unregulated Supply . 11 megohms 

Voltage Divider Values: 

Ri (5 watts) . 220 megohms 

Re (2 watts) . 1 megohm 

R 3 (0.5 watt) . 0.82 megohm 

DC Reference Voltage Supply . 200 volts 

Equivalent Resistance of Reference Voltage . 1000 ohms 

Effective Grid-Plate Transconductance . 200 /zmhos 

DC Plate Current for Load Current of 0 mA . 1000 fiA 

DC Plate Current for Load Current of 1 mA . 45 jiA 

Regulated DC Output Voltage for Load Current of 0 mA . 25000 volts 

Regulated DC Output Voltage for Load Current of 1 mA . 24500 volts 

Amplification Factor . 2000 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 3 megohms 


■ For interval of 20 seconds maximum during equipment warm-up period. 


CHARACTERISTICS RANGE VALUES 

Grid Voltage (1) . 

Grid Voltage (2) . 

Grid-Voltage Change . 


Note 
. 1 
. 2 
. 3 


Min 

—7 


Max 


—40 


9 


volts 

volts 

volts 


Note 1: With dc plate voltage of 30000 volts and dc plate current of 1 mA. 

Note 2: With dc plate voltage of 30000 volts and dc plate current of 0.1 mA. 

Note 3: Difference between grid voltage (1) and grid voltage (2). 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


AVERAGE TRANSFER CHARACTERISTICS 



Refer to chart at end of section. 


6EQ7 
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6ER5 

3EK5 HIGH-MU TRIODE 

Miniature type with frame grid used in vhf tuners of 
color and black-and-white television receivers. Outlines 
section 5C; requires miniature 7-contact socket. Type 
3ER5 is identical to type 6ER5 except for heater rat¬ 
ings. 






3ER5 

6ER5 


Heater Voltage (ac/dc) . 



. 2.8 

6.3 

volts 

Heater Current . 



. 0.45 

0.18 

ampere 

Peak Heater-Cathode Voltage. 



. -*"100 max -+-100 max 

volts 

Direct Interelectrode Capacitances: 



Unshielded 

Shielded 0 


Grid to Plate . 



0.38 

0.36 

pF 

Grid to Cathode, Heater, and 

Internal 

Shield . . 

4.4 

4.4 

pF 

Plate to Cathode, Heater, and 

Internal 

Shield .. 

3 

4 

pF 

Grid to Heater . 



0.28 max 

0.28 max 

pF 

Plate to Cathode . 



0.24 

0.2a 

pF 

Cathode to Grid . 



3.1 

3.1a 

pF 

Heater to Cathode . 



2.5 

2.5a 

PF 


° With external shield connected to cathode except as noted. 


a With external shield connected to ground. 

Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 250 volts 

Grid Voltage, Negative-bias value . 50 volts 

Cathode Current . 20 mA 

Plate Dissipation . 2.2 watts 

CHARACTERISTICS 

Plate Voltage . 200 volts 

Grid Voltage . —1.2 volts 

Amplification Factor . 80 

Plate Resistance (Approx.) . 8000 ohms 

Transconductance . 10500 /imhos 

Plate Current . 10 mA 

Grid Voltage (Approx.) for transconductance of 500 /imhos . —3.8 volts 

Grid Voltage (Approx.) for transconductance of 100 /imhos . —5.6 volts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance . 1 megohm 


6ES5 Refer to chart at end of section. 

6ES8 Refer to chart at end of section. 


6ES8/ 

ECC189 


VARIABLE-MU TWIN TRIODE 


of television receivers. Outlines section, 6B; 
miniature 9-contact socket. 

Heater Voltage (ac/dc) . 

Heater Current . 

Direct Interelectrode Capacitances: 

Grid to Plate (Each Unit) . 

Plate to Cathode (Each Unit) . 

Heater to Cathode (Each Unit) . 

Plate of Unit No.2 to Plate of Unit No.l .... 
Plate of Unit No.2 to Grid of Unit No.l .... 
Grid of Unit No.l to Cathode of Unit No.2 .. . 




%2) GT| 

in tuners 

ct 2 ©^ 

* 

"©IS 

requires 

9AJ 



6.3 

volts 


0.365 

ampere 

Unshielded 

Shielded* 


1.9 

1.9 

pF 

0.18 

0.17 

PF 

3 

3a 

pF 

0.04 max 

0.015 max 

pF 

0.003 max 

0.003 max 

pF 

0.002 max 

0.002 max 

PF 


* With external shield connected to cathode of unit under test except as noted. 
a With external shield connected to ground. 
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Class Ai Amplifier (Each Unit) 


CHARACTERISTICS 

Plate Voltage . 

. 90 

90 

90 

volts 

Grid Voltage . 

. —1.2 

—5 

—9 

volts 

Plate Resistance (Approx.) . 

. 2500 

— 

— 

ohms 

Transconductance . 

. 12500 

625 

125 

/Amhos 

Plate Current . 

. 15 

— 

— 

mA 


Cascode-Type Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage with plate current of 0 mA . 550 volts 

Plate Voltage (Each unit) . 130 volts 

Grid Voltage, Negative-bias value (Each unit) . 50 volts 

Cathode Current (Each unit) . 22 mA 

Plate Dissipation (Each unit) .. .. 1.8 watts 

Heater-Cathode Voltage: 

Unit No.l:° 

RMS voltage between cathode and heater . 50 volts 

Unit No.2:* 

RMS voltage between cathode and heater* . 50 volts 

DC voltage between cathode and heater* . 130 volts 

TYPICAL OPERATION in a cascode-type circuit! 

Supply Voltage . 180 volts 

Plate Current . 15 mA 

Transconductance . 12500 /Amhos 

Noise Figure* . 6.5 dB 

Grid Voltage (Approx.) for transconductance of 125 jitmhos .... —9 volts 

Input Voltage for cross-modulation factor of 0.01 and 

transconductance of 125 /Amhos . 500 mV 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance (Each unit) . 1 megohm 

° Grounded-cathode input unit—pins 6, 7, and 8. 

■ Grounded-grid output unit—pins 1, 2, and 3. 

• Cathode positive with respect to heater. 

! With grid of output unit connected to a voltage divider. 

* Measured with tube operating in a television tuner. 


Refer to chart at end of section. 6ET7 



H Kj, 


9LS 


HIGH-MU TWIN TRIODE 6EU7 

Miniature type used in high-gain, resistance-coupled, 
low-level audio-amplifier applications where low-hum 
and non-microphonic characteristics are important, 
such as microphone amplifiers and pre-amplifiers for 
phonographs. Outlines section, 6B; requires miniature 
9-contact socket. For typical operation as a resistance- 
coupled amplifier, refer to Resistance-Coupled Ampli¬ 
fier section. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.3 ampere 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances (Each Unit, Approx.) : 

Grid to Plate .. 1.5 pF 

Grid to Cathode and Heater . 1.6 pF 

Plate to Cathode and Heater . 0.2 pF 

Equivalent Noise and Hum Voltage (Referenced to Grid, 

Each Unit) : 

Average Value* ... 1.8 microvolts rms 


♦Measured in “true rms” units under the following conditions: Heater volts (ac), 6.3; 
center-tap of heater transformer grounded; plate supply volts, 250; plate load resistor, 
100000 ohms; cathode resistor, 2700 ohms; cathode bypass capacitor, 100 fiF ; grid resistor, 
0 ohms ; amplifier frequency range, 25 to 10000 Hz. 
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Class Ai Amplifier (Each Unit) 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage: 

Negative-bias value . 

Positive-bias value . 

Plate Dissipation ... 

CHARACTERISTICS 

Plate Voltage . .. 

Grid Voltage . 

Amplification Factor .. 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 


100 
—1 
100 
80000 
1250 
0.5 


330 

55 

0 

1.2 


250 

—2 

100 

62500 

1600 

1.2 


volts 

volts 

watts 

watts 


volts 

volts 

ohms 

/zmhos 

mA 



6EU8 Refer to chart at end of section. 


6EV5 SHARP-CUTOFF TETRODE 

Miniature type used as rf amplifier in vhf tuners of 
television receivers. Outlines section, 5C; requires 
miniature 7-contact socket. 



7EW 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances :a 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Internal Shield . . 
Plate to Cathode, Heater, Grid No.2, and Internal Shield . . 
a With external shield connected to cathode. 


6.3 

volts 

0.2 

ampere 

±100 max 

volts 

50 max 

volts 

0.035 max 

pF 

4.5 

PF 

2.9 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage ... 275 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 180 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Cathode Current . 20 mA 

Plate Dissipation . 3.25 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts . 0.2 watt 

For grid-No.2 voltages between 90 and 180 volts . See curve page 300 
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CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for transconductance of 100 jtunhos . . 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 
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250 

volts 

80 

volts 

—1 

volt 

0.15 

megohm 

8800 

/*mhos 

11.5 

mA 

0.9 

mA 

—4.5 

volts 

0.5 

megohm 


Refer to chart at end of section. 


6EV7 



7CM 


6EW6 

SHARP-CUTOFF PENTODE 5EW6 

Miniature type used in the gain-controlled picture-if 
stages of vhf color and black-and-white television re¬ 
ceivers operating at an interemediate frequency in the 
order of 40 MHz. Outlines section, 5C; requires minia¬ 
ture 7-contact socket. Type 5EW6 is identical with 
type 6EW6 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

* With external shield connected to cathode. 


5EW6 6EW6 

5.6 6.3 volts 

0.45 0.4 ampere 

11 — seconds 


±200 max ±200 max 
100 max 100 max 

volts 

volts 

Unshielded 
0.04 max 

Shielded* 

0.03 max 

pF 

10 

10 

PF 

2.4 

3.4 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 3.1 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.65 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 


g ft! 
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CHARACTERISTICS 

Plate Supply Voltage . 

...._ 125 


Grid No. 3 .. 



Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

. 125 

. 56 

volts 

Plate Resistance (Approx.) . 

Transconductance . 

. 14000 

megohm 

/imhos 

Plate Current . 

. 11 

mA 

Grid-No.2 Current . 

3.2 


Grid-No.l Voltage (Approx.) for plate current of 20 /iA 

. —3.5 

volts 


6EW7 

ioew7, 15EW7 DUAL TRIODE 

Miniature type used as combined vertical-deflection 
oscillator and vertical-deflector amplifier in television 
receivers. Outlines section, 6E, requires miniature 9- 
contact socket. For curve of average plate characteris¬ 
tics, Unit No.l, refer to type 6DE7 (Unit No.l). Types 
10EW7 and 15EW7 are identical with type 6EW7 ex¬ 
cept for heater ratings. 



9HF 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


6EW7 10EW7 15EW7 

6.3 9.7 14.8 volts 

0.9 0.6 0.45 ampere 

— 11 11 seconds 

±200 max ±200 max ±200 max volts 
100 max 100 max 100 max volts 
Unit No.l Unit No.2 

4.2 9 pF 

2.2 7 pF 

0.4 1.2 pF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid Voltage .. 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Plate Current for plate voltage of 60 volts and zero 

grid voltage . 

Plate Current for grid voltage of —25 volts . 

Grid Voltage (Approx.) for plate current of 10 /iA . . 
Grid Voltage (Approx.) for plate current of 100 jiiA . 


Unit No.l 

Unit No.2 


250 

150 

volts 

—11 

—17.5 

volts 

17.5 

6 


8750 

800 

ohms 

2000 

7500 

/imhos 

5.5 

45 

mA 

_ 

95 

mA 

— 

8 

mA 

—20 

— 

volts 

— 

—40 

volts 



PLATE VOLTS 92CS-IIIIIT 
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Vertical-Deflection Oscillator and Amplifier 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For cathode-bias operation . 

For grid-resistor-bias operation . 


Unit No.l Unit No.2 

Oscillator Amplifier 


330 

330 

volts 

_ 

1500 

volts 

400 

250 

volts 

77 

175 

mA 

22 

50 

mA 

1.5 

10 

watts 


2.2 

2.2 

megohms 

2.2 

2.2 

megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 


Refer to chart at end of section. 6EX6 

Refer to chart at end of section. 6EY6 

Refer to chart at end of section. 6EZ5 

Refer to chart at end of section. 6EZ8 

Refer to chart at end of section. 6F4 

Refer to chart at end of section. 6F5 

Refer to chart at end of section. 6F5GT 

6F6 

Refer to chart at end of section. 6F6G 

6F6GT 

Refer to chart at end of section. 6F7 

Refer to chart at end of section. 6F8G 

Refer to chart at end of section. 6FA7 



9HF 


6FD7 

DUAL TRIODE 13FD7 

Miniature type containing high-mu and low-mu triode 
units used as combined vertical-deflection oscillator and 
vertical-deflection amplifier in television receivers. Out¬ 
lines section, 6E; requires miniature 9-contact socket. 
Type 13FD7 is identical with type 6FD7 except for 
heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


6FD7 

13FD7 


6.3 

13 

volts 

0.925 

0.45 

ampere 

— 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 

Unit No.l 

Unit No.2 


4.5 

10 

pF 

2.2 

6.5 

pF 

0.4 

0.2 

PF 
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Class At Amplifier 


CHARACTERISTICS 

Unit No.l 

Unit No.2 


Plate Voltage .. 

250 

60 

150 

volts 

Grid Voltage . 

—3 

0 

—17.5 

volts 

Amplification Factor .. 

64 

— 

6 


Plate Resistance (Approx.) . 

40000 

— 

800 

ohms 

Transconductance . 

1600 

— 

7500 

/imhos 

Plate Current . 

1.5 

95- 

40 

mA 

Grid Voltage (Approx.) : 

For plate current of 10 fiA . 

—5.5 

_ 

_ 

volts 

For plate current of 100 fiA . 

— 

— 

—40 

volts 

Transconductance, For plate current of 1 mA . . . 

— 

— 

500 

/imhos 

Plate Current, For grid voltage of —25 volts . . . 

— 

— 

6 

mA 


■ This value can be measured by a method involving: a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For grid-resistor-bias or cathode-bias operation 
# Pulse duration must not exceed 15% of a vertical 


Unit No.l 

Unit No.2 


Oscillator 

Amplifier 


330 

330 

volts 

— 

1500 

volts 

400 

250 

volts 

70 

175 

mA 

20 

50 

mA 

1.5 

10 

watts 

2.2 

2.2 

megohms 


scanning cycle (2.5 milliseconds). 


6FE5 


Refer to chart at end of section. 


6FG6/EM84 


Refer to chart at end of section. 


6FG7 MEDIUM-MU TRIODE— 

5FG7 SHARP-CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in vhf color and black-and-white television re¬ 
ceivers. Outlines section, 6B; requires miniature 9-con¬ 
tact socket. Type 5FG7 is identical with type 6FG7 ex¬ 
cept for heater ratings. 



9GF 


5FG7 6FG7 

Heater Voltage (ac/dc) . 4.7 6.3 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 1.8 1.8 

Grid to Cathode, Pentode Grid No.3, and Heater 3 3 

Plate to Cathode, Pentode Grid No.3, and Heater 1.3 1.9 

Pentode Unit: 

Grid No.l to Plate . 0.02 max 0.01 max 

Grid No.l to Cathode, Grid No.3, Grid No.2, 

and Heater . 5 5 

Plate to Cathode, Grid No.3, Grid No.2, 

and Heater . 2.4 3.4 

Heater to Cathode, and Pentode Grid No.3 . 6 6« 


• With external shield connected to cathode except as noted. 
■ With external shield connected to ground. 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

PF 

pF 

PF 

pF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 


Triode Unit Pentode Unit 


330 330 volts 

— 330 volts 

— See curve page 300 

0 0 volts 

2.5 3 watts 

— See curve page 300 

— 0.55 watt 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 
of 30 fiA . 


Triode Unit Pentode Unit 


125 

100 125 

volts 

— 

100 125 

volts 

—1 

43 

0 —1 

volts 

5700 

— 180000 

ohms 

7500 

7400 6000 

/imhos 

13 

— 11 

mA 

— 

— 4 

mA 

—6.5 

— —7.5 

volts 



6FH5 

HIGH-MU TRIODE 2FH5 

Miniature type used as an rf amplifier in vhf tuners of 
color and black-and-white television receivers. Outlines 
section, 50; requires 7-contact socket. Type 2FH5 is 
identical to type 6FH5 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode, Heater, and Internal Shield . . 
Plate to Cathode, Heater, and Internal Shield . . 
• With external shield connected to Pin 1. 


2FH5 

6FH5 


2.35 

6.3 

volts 

0.6 

0.2 

ampere 

11 

— 

seconds 

. . . . ±100 max ±100 max 

volts 

Unshielded 

Shielded* 


0.52 

0.52 

pF 

3.2 

3.2 

PF 

3.2 

4 

pF 


Class At Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 150 volts 

Grid Voltage, Positive-bias value . 0 volts 

Cathode Current . 22 mA 

Plate Dissipation . 2.2 watts 
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CHARACTERISTICS 

Plate Voltage . 135 volts 

Grid Voltage .. —1 volts 

Plate Resistance (Approx.) . 5600 ohms 

Transconductance . 9000 /imhos 

Amplification Factor . 50 

Plate Current . 11 mA 

Grid, Voltage (Approx.) for plate current of 100 /iA .. —5.5 volts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 1 megohm 


MEDIUM-MU TRIODE— 
THREE-PLATE TETRODE 

Miniature type used in complex-wave generator appli¬ 
cations and in television receiver applications. Sharp- 
cutoff tetrode unit has pair of additional plates. Out¬ 
lines section, 6B; requires 9-contact socket. 




9KP 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.45 ampere 

Direct Interelectrode Capacitances 
Triode Unit: 

Grid to Plate . 1,4 pF 

Grid to Cathode and Heater . 2.6 pF 

Plate to Cathode and Heater . 1 pF 

Tetrode Unit: 

Grid No.l to Plate No.2 . 0.06 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Plate No.lA, and 

Plate No.lB . 4.5 pF 

Plate No.2 to Cathode, Heater, Grid No.2, Plate No.lA, and 

Plate No.lB .. 1.4 

Tetrode Grid No.l to Triode Plate . 0.35 max pF 

Tetrode Plate No.2 to Triode Plate . 0.008 max pF 

° With external shield connected to cathode. 


Class A x Amplifier 


CHARACTERISTICS Triode Unit 

Plate Voltage . 100 volts 

Grid Voltage . —1 volt 

Amplification Factor . 40 

Plate Resistance (Approx.) . 7400 ohms 

Transconductance . 5400 /tmhos 

Plate Current . 7.9 mA 

Grid Voltage (Approx.) for plate current of 100 /xA . —7 volts 

Tetrode Unit with Plates No.lA and No.lB Connected to Cathode at Socket 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate-No.2 Voltage . 250 volts 

Grid-No.2 Voltage . 250 volts 

Grid-No.l Voltage . —2 volts 

Plate-No.2 Resistance (Approx.) . 0.75 megohm 

Transconductance, Grid No.l to Plate No.2 . 4400 /imhos 

Plate-No.2 Current . 7.3 mA 

Grid-No.2 Current . 1.4 mA 

Grid-No.l Voltage (Approx.) for plate-No.2 current of 100 /jlA . . —7 volts 


Complex-Wave Generator 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Tetrode Unit 


Plate Voltage . 

Plate-No. 1A Voltage . 

Plate-No.lB Voltage . 

Plate-No.2 Voltage . . .. 

Grid-No.2 (Screen-Grid) Supply Voltage 

Grid-No.2 Voltage .. 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

Plate Dissipation . 

Plate-No.lA Dissipation . 

Plate-No.lB Dissipation . 

Plate-No.2 Dissipation . 


275 

— 

volts 

_ 

200 

volts 

_ 

200 

volts 


275 

volts 

— 

275 

volts 

— 

See curve page 300 


-40 

—40 

volts 

0 

0 

volts 

1.7 

— 

watts 

— 

0.3 

watt 

— 

0.3 

watt 

— 

2.3 

watts 














































Technical Data 


277 


Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts . — 0.45 watt 

For grid-No.2 voltages between 137.5 and 275 volts — See curve page 300 


TYPICAL OPERATION WITH SEPARATE PLATE OPERATION Tetrode Unit 


Plates-No.lA, No.lB, and No.2 Voltage 

Grid-No.2 Voltage . 

Grid-No. 1 Voltage . 

Plate-No.lA Current . 

Plate-No.lB Current . 

Plate-No.2 Current . 

Grid-No.2 Current . 

Transconductance (Approx.) : 

Grid No.l to Plate No.lA . 

Grid No.l to Plate No.lB . 

Grid No.l to Plate No.2 . 


MAXIMUM CIRCUIT VALUES Triode Unit 

Grid-No.l-Circuit Resistance, for fixed-bias operation . 0.5 


100 

volts 

50 

volts 

—1 

volts 

0.04 

mA 

0.04 

mA 

1.6 

mA 

0.3 

mA 

70 

/imhos 

70 

H mhos 

2500 

ix mhos 

Tetrode Unit 

0.5 

megohm 


Refer to chart at end of section. 


6FJ7 



12EJ 


6FM7 

DUAL TRIODE 13FM7/15FM7 

Duodecar type used as combined vertical-deflection os¬ 
cillator and vertical-deflection amplifier in color and 
black-and-white television receivers. Triode unit No.l 
is used as an oscillator, and triode unit No.2 is used 
as an amplifier. Outlines section, 8C; requires duodecar 
12-contact socket. Type 13FM7/15FM7 is identical with 
type 6FM7 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Average value . 

Peak value . 


6FM7 13FM7/15FM7 

6.3 13 volts 

1.05 0.45 amperes 

— 11 seconds 


±200 max ±200 max volts 

100 max 100 max volts 


Class Ai Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 20 ixA . . 
Grid Voltage (Approx.) for plate current of 200 fiA . 


Unit No.l 

Unit No.2 


250 

175 

volts 

—3 

—25 

volts 

66 

5.5 


30000 

920 

ohms 

2200 

6000 

/zmhos 

2 

40 

mA 

—5.3 

— 

volts 

— 

—45 

volts 


Vertical-Deflection Oscillator and Amplifier 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Unit No.l Unit No.2 
Oscillator Amplifier 


DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation! . 

350 500 

— 1500 

400 250 

— 175 

— 50 

1 10 

volts 

volts 

volts 

mA 

mA 

watts 

MAXIMUM CIRCUIT VALUES 



Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

1 1 

2.2 2.2 

megohm 

megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds), 
t A bias resistor or other means is required to protect the tube in absence of excitation. 
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6FM8 


Refer to chart at end of section. 


6FQ5A 


Refer to chart at end of section. 
For replacement use type 6GK5/6FQ5A. 


6FQ7 


Refer to chart at end of section. 


6FQ7/ 

6CG7 


MEDIUM-MU TWIN TRIODE 


8FQ7/8CG7, 12FQ7 

Miniature type used as combined vertical- and horizon¬ 
tal-deflection oscillator in color and black-and-white 
television receivers. Outlines section, 6E; requires 
miniature 9-contact socket. Types 8FQ7/8CG7 and 
12FQ7 are identical with type 6FQ7/6CG7 except for heater ratings. For 
typical operation as a resistance-coupled amplifier, refer to Resistance- 
Coupled Amplifier section. 



6FQ7/6CG7 

6.3 

0.6 

11 


±200 max 
100 max 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater, Warm-up Time (Average) 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.): 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater. 

Plate of Unit No.l to Plate of Unit No.2 . 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, Positive-bias value . 

Cathode Current . 

Plate Dissipation: 

For either plate . 

For both plates with both units operating. 

CHARACTERISTICS 

Plate Voltage. 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 fiA. 
Plate Current for grid voltage of —12.5 volts. 

MAXIMUM CIRCUIT VALUE 

Grid Circuit Resistance, for fixed-bias operation . . 


8FQ7/8CG7 

8.4 

0.45 


±200 max 
100 max 
Unit No.l 
3.6 
2.4 
0.34 


90 

0 

20 

6700 

3000 

10 

—7 


12FQ7 

12.6 

0.3 


±200 max 
100 max 
Unit No.2 
3.8 
2.4 
0.26 


330 

0 

22 

4 

5.7 


250 

—8 

20 

7700 

2600 

9 

—18 

1.3 


volts 

ampere 

seconds 

volts 

volts 

pF 

PF 

pF 

pF 


volts 

volts 

mA 

watts 

watts 


volts 

volts 

ohms 

/nnhos 

mA 

volts 

mA 


megohm 


Oscillator 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current. 

Average Cathode Current . 

Plate Dissipation: 

For either plate. 

For both plates with both units operating . . . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 


Vertical- Horizontal- 
Deflection Deflection 
Oscillator Oscillator 


330 

440 

77 

22 

4 

5.7 


2.2 


330 

660 

330 

22 

4 

5.7 


2.2 


volts 

volts 

mA 

mA 

watts 

watts 


megohms 
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7GA 


BEAM HEXODE 6FS5 

2F55, 3F55 

Miniature type used as rf-amplifier tube in vhf tele¬ 
vision receivers. In this tube, grid No.l is the control 
grid, grid No.2 is a focusing grid, grid No.3 is the 
screen grid, and grid No.4 is the suppressor grid. 
Grid No.2 is internally connected to the cathode and 
grid No.4 and aligned with grid No.3 Outlines section, 
5C; requires miniature 7-contact socket. Types 2FS5 
and 3FS5 are identical with type 6FS5 except for 
heater ratings. 




2FS5 

3FS5 

6FS5 


Heater Voltage (ac/dc) . 


2.4 

2.9 

6.3 

volts 

Heater Current . 


0.6 

0.45 

0.2 

ampere 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 


11 

11 

— 

seconds 

Peak value . 


±200 max 

±200 max 

±200 max 

volts 

Average value . 

Direct Interelectrode Capacitances: 


100 max 

100 max 100 max 

Shielded Unshielded" 

volts 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, 

Grid No.2, 

Grid 

0.03 

0.016 

pF 

No.3, and Grid No.4 . 

Plate to Cathode, Heater, Grid 

No.2, Grid 

No.3, 

4.8 

4.8 

pF 

and Grid No.4 . 

■ With external shield connected to pin 7. 


2 

2.8 

pF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

Cathode Current . 

Plate Dissipation . 

Grid-No.3 Input . 


300 

volts 

150 

volts 

50 

volts 

0 

volts 

20 

mA 

3.25 

watts 

0.15 

watt 


CHARACTERISTICS 

Flate Voltage . 275 volts 

Grid-No.3 Voltage . 135 volts 

Grid-No.l Voltage . —0.2 volt 

Plate Resistance (Approx.) . 0.24 megohm 

Transconductance . 10000 /imhos 

Plate Current . 9 mA 

Grid-No.3 Current . 0.17 mA 

Grid-No.l Voltage (Approx.) for transconductance of 100 /imhos . . . —5 volts 

MAXIMUM CIRCUIT VALUE 

Gi*id-No.l-Circuit Resistance, for fixed-bias operation . 0.5 megohm 


Refer to chart at end of section. 


6FV6 
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6FV8 

6FV8A 

6FW5 

6FW8 

6FY5/EC97 


Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6BR8A/6FV8A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


6FY7 DUAL TR,0DE 

11FY7, 15FY7 

Duodecar type used as combined vertical-deflection os¬ 
cillator and vertical-deflection amplifier in television 
receivers. Triode unit No.l is used as an oscillator, 
and triode unit No.2 is used as an amplifier. Outlines 
section, 8D; requires duodecar 12-contact socket. Types 
11FY7 and 15FY7 are identical with type 6FY7 except 
for heater ratings. 



12E0 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6FY7 11FY7 

6.3 11 

1.05 0.6 

— 11 


15FY7 

14.7 volts 

0.45 amperes 

11 seconds 


±200 max ±200 max ±200 max volts 
100 max 100 max 100 max volts 


Class Amplifier 


CHARACTERISTICS 


Unit No.l Unit No.2 


Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 30 fiA . . 
Grid Voltage (Approx.) for plate current of 50 fiA . . 
Plate Current (Approx.) for grid voltage of —25 volts 


250 

—3 

65 

40500 

1600 

1.4 

—5.5 


150 

—17.5 

6 

920 

6500 

35 

—36 

6 


volts 

volts 

ohms 
gmhos 
m A 
volts 
volts 
m A 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


Unit No.l 
Oscillator 

330 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage . 

Peak Cathode Current. 

Average Cathode Current . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 2.2 2.2 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds), 
f A bias resistor or other means is required to protect the tube in absence of excitation 


400 

70 

20 

1 


Unit No.2 
Amplifier 

275 

2000 

250 

175 

50 

7f 


volts 
volts 
volts 
mA 
m A 
watts 


megohms 


6G6G Refer to chart at end of section. 

6G11 Refer to chart at end of section. 

6GB3A For replacement use type 6BQ6GTB/6CU6. 

6GB5 Refer to chart at end of section. 
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6GB5/ 

EL500 


H 



9NH 


BEAM POWER TUBE 


13GB5/XL500, 

18GB5/LL500 

27GB5/PL500 


Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 35B; requires 
neonoval 9-contact socket. Typical instantaneous char¬ 
acteristics (measured with recurrent waveform such 
that maximum ratings are not exceeded): plate volts, 
75; grid-No.2 volts, 200; grid-No.l volts, —10; plate 
mA, 440; grid-No.2 mA, 37. Types 13GB5/XL500, 
18GB5/LL500 and 27GB5/PL500 are identical with type 
6GB5/EL500 except for heater ratings. 


Heater Voltage (ae/dc) 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value .... 


6GB5/ 13GB5/ 18GB5/ 

EL500 XL500 LL500 

6.3 13.3 18 

1.38 0.6 0.46 


27GB5/ 

PL500 

27 volts 

0.3 amperes 


±250 max ±250 max ±250 max 
125 max 125 max 125 max 


±250 max volts 
125 max volts 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 275 volts 

Peak Positive-Pulse Plate Voltage# . 7700 volts 

DC Grid-No.2 (Screen-Grid) Voltage . 275 volts 

Average Cathode Current . 275 mA 

Plate Dissipation* . 17 watts 

Grid-No.2 Input" . 5 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

Without grid current . 0.5 megohm 

With grid current (horizontal-output service only) . 2.2 megohms 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* A bias resistor or other means is required to protect the tube in absence of excitation. 
■ Grid-No.2 input may reach 6 watts for plate-dissipation values below 11 watts. 


For replacement use type 6GW6/6DQ6B. 6GB6 

For replacement use type 6GW6/6DQ6B. 6GB7 


BEAM POWER TUBE 6GC5 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications and as output tube in 
audio-amplifier applications. Outlines section, 6E, re¬ 
quires miniature 9-contact socket. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 1.2 amperes 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 0.9 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 18 pF 

Plate to Cathode. Heater, Grid No.2, and Grid No.3 . 7 pF 



9EU 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Plate Dissipation . 

Grid-No.2 Input . 

TYPICAL OPERATION AND CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current. 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Plate Resistance (Approx.) . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion. 

Maximum-Signal Power Output . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation .. 

For cathode-bias operation . 



220 

volts 


140 

volts 


12 

watts 


1.4 

watts 

110 

200 

volts 

110 

125 

volts 

— 7.5 

— 

volts 

—. 

180 

ohms 

7.5 

8.5 

volts 

49 

46 

mA 

50 

47 

mA 

4 

2.2 

mA 

10 

8.5 

mA 

13000 

28000 

ohms 

8000 

8000 

/imhos 

2000 

4000 

ohms 

10 

10 

per cent 

2.1 

3.8 

watts 


0.1 

megohm 


0.5 

megohm 


6GE5 BEAM POWER TUBE 

12GE5, 17GE5 

Duodecar type used as horizontal-deflection-amplifier 
tube in television receivers. Outlines section, 15A; re¬ 
quires duodecar 12-contact socket. Types 12GE5 and 
17GE5 are identical with type 6GE5 except for heater 
ratings. 



12BJ 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value J. 

Average value . 


6GE5 12GE5 17GE5 

6.3 12.6 16.8 

1.2 0.6 0.45 

— 11 11 


volts 

amperes 

seconds 


±200 max ±200 max ±200 max 
100 max 100 max 100 max 


volts 

volts 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 

of 1 mA . 

* Grid No.2 tied to plate. 


Pentode Triode* 
Connection Connection 


60 

250 

150 

volts 

150 

150 

150 

volts 

0 

—22.5 

— 

volts 

— 

18000 

4.4 

ohms 

— 

7300 

— 

/imhos 

345* 

65 

— 

mA 

27• 

1.8 

— 

mA 

— 

—42 

— 

volts 


• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No.2 Voltage . 220 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 
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DC Grid-No.l Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation! . 

Grid-No.2 Input .. • . • 

Bulb Temperature (At hottest point) 
MAXIMUM CIRCUIT VALUE 
Grid-No.l Circuit Resistance . 



283 

—55 

volts 

650 

mA 

175 

mA 

17.5 

watts 

3.5 

watts 

200 

°C 

1 

megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
f A bias resistor or other means is required to protect the tube in absence of excitation. 


Refer to chart at end of section. 
Refer to chart at end of section. 


6GF5 

6GF7 



DUAL TRIODE 


6GF7A 

10GF7A, 13GF7A 


Novar types used as combined vertical-deflection oscil- 
9QD lator and vertical-deflection amplifiers in color and 

black-and-white television receivers. Outlines section, 30A; requires novar 
9-contact socket. For curves of average plate characteristics for Unit No.l 
and Unit No.2, refer to types 6DR7 (Unit No.l) and 6EM7, respectively. 
Types 10GF7A and 13GF7A are identical with type 6GF7A except for 
heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Grid Voltage (Approx.) : 

For plate current of 10 /mA 
For plate current of 100 fiA . . 

Plate Current . 

For plate voltage of 60 volts and 
For grid voltage of —28 volts 


6GF7A 10GF7A 

13GF7A 


6.3 

9.7 

13 

volts 

0.985 

0.6 

0.45 

ampere 

— 

11 

11 

seconds 

±200 max ±200 max ±200 max 

volts 

100 max 100 max 100 max 

Unit No.l Unit No.2 

volts 


4.6 

9 

pF 


2.4 

6.5 

pF 

lifier 

0.26 

Unit No.l 

1.4 

Unit No.2 

pF 


250 

150 

volts 


—3 

—20 

volts 


64 

5.4 



40000 

750 

ohms 


1600 

7200 

/imhos 


—5.5 

_ 

volts 


— 

—45 

volts 


1.4 

50 

mA 

ge 

—. 

95 

mA 

— 

10 

mA 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage 

(Absolute Maximum)# . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 


Unit No.l 

Unit No.2 


Oscillator 

Amplifier 


330 

330 

volts 

_ 

1500* 

volts 

400 

250 

volts 

77 

175 

mA 

22 

50 

mA 

1.5 

11 

watts 
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MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For grid-resistor-bias or cathode-bias operation 2.2 2.2 megohms 

•Under no circumstances should this absolute value be exceeded. 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 


Refer to chart at end of section. 


6GH8 


6GH8A 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

5GH8A, 9GH8A 

Miniature type used in multivibrator-type horizontal-G 2p 
deflection circuits and for age-amplifier or sync-sepa- * 
rator applications in color and black-and-white tele- r ; 
vision receivers. Outlines section, 6B; requires minia- c, p' 
ture 9-contact socket. Types 5GH8A and 9GH8A are 
identical with type 6GH8A except for heater ratings. 



9AE 


Heater Voltage (ac/dc) . 4.7 

Heater Current . 0.6 

Heater Warm-up Time (Average) . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Grid No. 3, 

Pentode Cathode, and Internal Shield . 

Plate to Cathode, Heater, Pentode Grid No.3, 

Pentode Cathode, and Internal Shield . 

Heater to Cathode . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No. 2, 

Grid No.3, and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Heater to Cathode, Grid No.3, and Internal Shield 


6GH8A 

6.3 

0.45 

11 

±200 max 
100 max 

Unshielded 


1.7 


3 

1.4 

3 

0.02 max 
5 

2.6 

3 


9GH8A 

9.45 

0.3 


±200 max 
100 max 

Shielded 


3.2 


1.9 

3 

0.01 max 

5 

3.4 

3 


volts 

ampere 

seconds 

volts 

volts 


pF 

PF 

pF 

PF 

pF 

pF 

PF 

pF 


Class A L Amplifier 


CHARACTERISTICS 


Triode Unit Pentode Unit 


Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
10 fiA . 


125 

125 

volts 

— 

125 

volts 

—1 

—1 

volts 

46 

5400 

200000 

ohms 

8500 

7500 

/imhos 

13.5 

12 

mA 

— 

4 

mA 

—8 

—8 

volts 


Horizontal-Deflection Oscillator 


For operation in a 525-line, 30-frame system; 


MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage . 

Triode Unit 

330 

Pentode Unit 
350 

volts 

Grid-No.2 (Screen-Grid) Voltage 

— 

330 

volts 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 

0 

0 

volts 

Peak negative value . 

— 

175 

volts 

Peak Cathode Current . 

— 

300 

mA 

Average Cathode Current . 

— 

20 

mA 

Plate Dissipation . 

2.5 

2.5 

watts 

Grid-No.2 Input . 

— 

0.55 

watt 
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MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation . 
For cathode-bias operation 



2.2 2.2 megohms 

2.2 2.2 megohms 


Refer to chart at end of section. 


6GJ5 


H 



BEAM POWER TUBE 6GJ5A 

12GJ5A, 17GJ5A 

Novar type used in high-efficiency horizontal-deflec¬ 
tion-amplifier circuits of television receivers. Outlines 
section, 18A; requires novar 9-contact socket. For curve 
of average characteristics see type 6GW6. Types 
12GJ5A and 17GJ5A are identical with type 6GJ5A ex¬ 
cept for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx. 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 
Plate to Cathode, Heater, Grid No.2, and 


6GJ5A 

12GJ5A 

17GJ5A 


6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 



0.26 

pF 

Grid No.3 


15 

pF 

[ No.3 .... 


6.5 

PF 


Class A x Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No. 2 Voltage . 

Grid-No.l Voltage . 

Mu-Factor, Grid No.2 to Grid No.l . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No. 2 Current . 

Grid-No.l Voltage for plate current of 1 mA . 


Triode 

Connection 

Pentode Connection 


150 

60 

250 

volts 

150 

150 

150 

volts 

—22.5 

0 

—22.5 

volts 

4.4 

—. 

— 


— 

— 

15000 

ohms 

— 

— 

7100 

/imhos 

— 

390- 

70 

mA 

— 

32- 

2.1 

mA 

— 

— 

—42 

volts 


■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1600 volts 
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DC Grid-No.2 Voltage . 

DC Grid-No.l Voltage. 

Peak Negative-Pulse Grid-No.l Voltage 

Peak Cathode Current .. 

Average Cathode Current .. .. 

Plate Dissipation* . 

Grid-No.2 Input . 

Bulb Temperature (at hottest point) 


220 

volts 

—55 

volts 

330 

volts 

550 

mA 

175 

mA 

17.5 

watts 

3.5 

watts 

240 

°C 


MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance: 

For grid-resistor-bias operation* . 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• A bias resistor or other means is required to protect the tube in absence of excitation. 


6GJ7 


Refer to chart at end of section. 


6GJ7/ 

ECF801 

4GJ7/XCFS01 MEDIUM-MU TRIODE— 

5 «jj7/PCF*01 SHARP-CUTOFF PENTODE 

Miniature types used as combined oscillator and mixer 
tubes in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHZ. Outlines section, 6J; requires miniature 9- 
contact socket. Types 4GJ7/XCF801, 5GJ7/LCF801, and 
8GJ7/PCF801 are identical with type 6GJ7/ECF801 
ratings. 



except for heater 


4GJ7/ 

Heater Voltage (ac/dc) XCF801 


Heater Current . 4.1 

Peak Heater-Cathode 0.6 

Voltage A . ±110 max 


5GJ7/ 

LCF801 

5.6 

0.45 

±110 max 


6GJ7/ 

ECF801 

6.3 

0.41 

±100 max 


8GJ7/ 

PCF801 

8 volts 

0.3 ampere 

±110 max volts 


Class Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate-Supply Voltage . 

DC Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

DC Grid-No.2 Voltage. 

DC Grid-No.l (Control-Grid) Voltage . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input* . 

CHARACTERISTICS 

DC Plate Voltage . 

DC Grid-No.2 Voltage . 

DC Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage for grid-No.l current of 0.3 fiA . . . 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


600 

600 

volts 

140 

275 

volts 

— 

600 

volts 

— 

275 

volts 

— 

—50 

volts 

22 

20 

mA 

1.8 

2.4 

watts 

— 

0.55 

watt 

100 

170 

volts 

— 

120 

volts 

—3 

—1.2 

volts 

20 

55* 


— 

0.35 

megohm 

9000 

11000 

/tmhos 

15 

10 

mA 


3 

mA 

—1.3 max 

—1.3 max 

volts 

0.5 

1 

megohm 

0.5 

2.2 

megohms 


A The hum should be minimized in intercarrier applications by limiting the heater-cathode 
voltage to 100 volts rms, and in AM receivers to 50 volts rms. 

* Grid No.2 to grid No.l, approximate value. 

• When control-grid bias is between —1.5 and —2 volts, screen-grid dissipation is limited 
to 0.50 watt. When this bias is greater than —2 volts, maximum screen-grid dissipation 
is 0.36 watt. 


6GJ8 


Refer to chart at end of section. 
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For replacement use type 6GK5/6FQ5A. 6GK5 



HIGH-MU TRIODE 


6GK5/ 

6FQ5A 


Miniature type with frame grid used as grounded-cath¬ 
ode rf-amplifier tube in vhf tuners of color and black- 
and-white television receivers. Outlines section, 5C; re¬ 
quires miniature 7-contact socket. Types 2GK5/2FQ5A, 
3GK5, and 4GK5 are identical with type 6GK5/6FQ5A 
except for heater ratings. 




2GK5/2FQ5A 

3GK5 

4GK5 

6GK5/6FQ5A 

Heater 

Voltage (ac/dc) 

. 2.3 

2.8 

4 

6.3 

Heater 

Current . 

. 0.6 

0.45 

0.3 

0.18 

Heater 

Warm-up Time 

(Average) 11 

11 

11 

— 


Peak Heater-Cathode Voltage .... ±100 max ±100 max ±100 max ±100 max 


Direct Interelectrode Capacitances (Approx.) 

Grid to Plate . 0.52 

Grid to Cathode, Heater, and Internal Shield . 6 

Plate to Cathode, Heater, and Internal Shield . 3.5 

Heater to Cathode . 2.5* 

0 With external shield connected to cathode, except as noted. 

■ With external shield and internal shield connected to ground. 


volts 

ampere 

seconds 

volts 


pF 

PF 

pF 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 200 volts 

Grid Voltage: 

Negative-bias value . 60 volts 

Positive-bias value . 0 volts 

Average Cathode Current . 22 mA 

Plate Dissipation . 2.5 watts 

CHARACTERISTICS 

Plate Voltage . 135 volts 

Grid Voltage . —1 volts 

Amplification Factor . 78 

Plate Resistance (Approx.) . 5400 ohms 

Transconductanoe . 15000 /im hos 

Plate Current . 11.5 mA 

Input Resistance* . 275 ohms 

Input Capacitance* . 11.2 pF 

Noise Figuref . 4.7 dB 

Grid Voltage (Approx.) for transconductance of 150 yiimhos . —4.2 volts 

Grid Voltage (Approx.) for transconductance of 1500 /anhos . —2.5 volts 
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MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 1 megohm 

• Measured at 200 MHz with heater volts = 6.3 and plate effectively grounded for rf voltages, 
f For a neutralized triode amplifier at a frequency of 200 MHz with signal source impedance 
adjusted for minimum noise output. 


6GK6 POWER PENTODE 

10GK6, 16GK6 

Miniature type used in the output stage of audio am¬ 
plifying equipment and also in the video output stage 
of color and black-and-white television receivers. Out¬ 
lines section, 6G; requires miniature 9-contact socket. 
Types 10GK6 and 16GK6 are identical with type 6GK6 
except for heater ratings. 



9GK 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Peak Heater-Cathode Voltage .... 
Direct Interelectrode Capacitances: 
Grid No.l to Plate . 


Internal Shield 
Plate to Cathode, 
Internal Shield 


Heater, Grid No.2, 


6GK6 

10GK6 

16GK6 


6.3 

10 

16 

volts 

0.76 

0.45 

0.3 

ampere 

— 

11 

11 

seconds 

±100 max 

±100 max 

±100 max 

volts 

Grid No.3, 

and 

0.14 max 

PF 

1 No.3, and 


10 

pF 



7 

PF 


Class Ax Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Plate Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage, Negative-bias value 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input, Peak .. 

Grid-No.2 Input, Average . 

CHARACTERISTICS AND TYPICAL OPERATION 

Plate Supply Voltage .. 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Mu-Factor, Grid No.2 to Grid No.l . 

Plate Resistance (Approx.) . 

Transconductance . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current .. 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current 

Effective Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 


605 

volts 

330 

volts 

605 

volts 

330 

volts 

100 

volts 

65 

mA 

13.2 

watts 

4 

watts 

2 

watts 


250 

volts 

250 

volts 

135 

ohms 

19 


38000 

ohms 

11300 

/imhos 

7.3 

volts 

48 

mA 

50.6 

mA 

5.5 

mA 

10 

mA 

5200 

ohms 

10 

per cent 

5.7 

watts 


Push-Pull Class ABi and Class B Amplifier 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 


Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Peak AF Grid-No.l-to-Grid-No.l Voltage 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . . 
Effective Load Resistance (plate to plate) 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 


Class ABi Class B 


250 

300 

250 

300 

volts 

250 

300 

250 

300 

volts 

— 

— 

—11.6 

—14.7 

volts 

130 

130 

— 

— 

ohms 

22.4 

28 

22.4 

28 

volts 

62 

72 

20 

15 

mA 

75 

92 

75 

92 

mA 

7 

8 

2.2 

1.6 

mA 

15 

22 

15 

22 

mA 

8000 

8000 

8000 

8000 

ohms 

3 

4 

3 

4 

per cent 

11 

17 

11 

17 

watts 
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MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 


0.3 megohm 

1 megohm 



For replacement use type 6AU4GTA. 


6GK17 


Refer to chart at end of section. 6GL7 

Refer to chart at end of section. 6GM5 



7CM 


SEMIREMOTE-CUTOFF 

PENTODE 


6GM6 


5GM6 

Miniature type used in gain-controlled picture-if 
stages of color and black-and-white television receivers 
operating at intermediate frequencies in the order of 
40 MHz. Outlines section, 5C; requires 7-contact socket. 
Type 5GM6 is identical with type 6GM6 except for 
heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

° With external shield connected to cathode. 

Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 3.1 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.65 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 


5GM6 

6GM6 


5.6 

6.3 

volts 

0.45 

0.4 

ampere 

11 

— 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 

Unshielded 

Shielded 0 


0.036 max 

0.026 max 

pF 

10 

10 

pF 

2.4 

3.4 

PF 
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CHARACTERISTICS 


Plate Supply Voltage . 

Grid No.3 . 

Grid-No.2 Supply Voltage . . . 


125 

to cathode 
125 

56 

volts 
at socket 
volts 

Plate Resistance (Approx.) 
Transconductance . 


0.2 

13000 

megohm 

fimhos 

mA 

Plate Current . 


14 

Grid-No. 2 Current . 


3.4 

mA 

Grid-No. 1 Voltage (Approx.) 

for transconductance of 60 jamhos .. 

—15 

volts 


6GN8 

8GN8/8EB8 
10GN8 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. Triode unit is used as 
sync-separator, sync-clipper, phase inverter, or sound- 
if amplifier. Pentode unit is used in output stage of 
video amplifier. Outlines section, 6E; requires minia¬ 
ture 9-contact socket. For direct interelectrode capaci- 9DX 

tances, refer to type 6EB8; curve for average plate characteristics of 
triode unit is same as for type 6EB8. Types 8GN8/8EB8, and 10GN8 are 
identical with type 6GN8 except for heater ratings. 

6GN8 8GN8/8EB8 10GN8 
6.3 8 10.5 volts 

0.75 0.6 0.45 ampere 

— 11 11 seconds 

±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 

Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 


Plate Voltage . 


330 

330 

volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 


— 

330 

volts 

Grid-No.2 Voltage . 


— . 

See curve page 300 


Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value 

0 

0 

volt 

Plate Dissipation . 


1 

5 

watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . . . 


_ 

1.1 

watts 

For grid-No.2 voltages between 165 and 330 

volts 

— 

See curve page 300 


CHARACTERISTICS 

Triode Unit 

Pentode Unit 


Plate Supply Voltage . 

250 


60 200 

volts 

Grid-No.2 Supply Voltage . 

— 


150 150 

volts 

Grid-No.l Voltage . 

—2 


0 — 

volts 

Cathode-Bias Resistor . 

-—- 


— 100 

ohms 

Amplification Factor . 

Plate Resistance (Approx.) . 

100 

37000 


— 60000 

ohms 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


TYPE 6GM6 

GRID No. 3 And internal shield 
I- CONNECTED TO CATHODE AT 
SOCKET. 

GRID-No. 2 VOLTS-125 


\b3E 



|60 200 300 400 

PLATE VOLTS 82 CS- 1 Q 390 TI 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 
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Triode Unit Pentode Unit 


Transconductance . 


2700 

— 11500 

/imhos 

Plate Current . 


2 

55" 

25 

mA 

Grid-No.2 Current . 


— 

18" 

5.5 

mA 

Grid Voltage (Approx.) for plate current 
20 aA . 

of 

—5 

_ 

_ 

volts 

Grid-No.l Voltage (Approx.) for plate current 
of 100 /iA . 

— 

— _ 

-10 

volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

■ This value can be measured by a method 

involving a 

0.5 

1 

recurrent 

0.25 

1 

waveform 

such 

megohm 
megohm 
that the 


maximum ratings of the tube will not be exceeded. 



Refer to chart at end of section. 


6GQ7 



9GF 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6GS7 

5GS7, 7GS7 


Miniature type used as a frequency changer in vhf 
television tuners. Outlines section, 6B; requires 9- 
contact socket. Types 5GS7 and 7GS7 are identical with 
type 6GS7 except for heater ratings. Heater: volts, 7.6; 
ampere, 0.3; maximum heater-cathode volts, ±100 peak, 
100 average. 


Heater Voltage . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value .... 


5GS7 6GS7 7GS7 

5.4 6.3 7.6 volts 

0.45 0.375 0.3 ampere 

±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Plate Dissipation . 

Grid-No.2 Input . 

Cathode Current . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Plate Current . 

Grid-No.2 Current . 

Transconductance . 

Plate Resistance . 

Amplification Factor . 


Triode Unit Pentode Unit 


125 

250 

volts 

— 

150 

volts 

1.5 

2 

watts 

— 

0.5 

watt 

15 

18 

mA 

100 

170 

volts 

— 

150 

volts 

—3 

—1.2 

volts 

14 

10 

mA 

— 

3.3 

mA 

5500 

12000 

/imhos 

— 

0.35 min 

megohm 

17 

— 
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MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance . 0.5 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . — 

For cathode-bias operation . — 

Pentode Unit as Frequency Changer 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Supply Voltage . 

Oscillator Voltage . 

Grid-No.2 Circuit Resistance . 

Grid-No.l Circuit Resistance . 

Plate Current ... 

Grid-No.2 Current . 

Grid-No.l Current . 

Plate Resistance . 

Conversion Transconductance . 


Triode Unit as Oscillator 

CHARACTERISTICS 

Plate Supply Voltage .. 

Plate Circuit Resistance . 

Grid Circuit Resistance . 

Oscillator Voltage . 

Plate Current . . 

Transconductance . 


— 

megohm 

0.25 

megohm 

0.5 

megohm 


190 

volts 

190 

volts 

2.3 

volts (rms) 

0.018 

megohm 

0.1 

megohm 

8.5 

mA 

2.7 

mA 

30 

/iA 

0.6 

megohm 

4500 

/imhos 


190 

volts 

8200 

ohms 

10000 

ohms 

4.5 

volts (rms) 

12 

mA 

3500 

/imhos 


6GT5 


Refer to chart at end of section. 


6GT5A 

17GT5A 


BEAM POWER TUBE 


Novar type used as horizontal-deflection amplifier in 
television receivers. Outlines section, 31 A; requires 
novar 9-contact socket. For curve of average charac¬ 
teristics, refer to type 6GW6. Type 17GT5A is identical 
except for heater ratings. 



with type 6GT5A 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to Plate . 


6GT5A 

17GT5A 


6.3 

16.8 

volts 

1.2 

0.45 

ampere 

— 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 


0.26 

pF 

No.3 .... 

15 

PF 

1 . 

6.5 

PF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Mu Factor, Grid No.2 to Grid No.l . . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 
of 1 mA . 


Triode 

Pentode 


Connection 

Connection 


150 

60 

250 

volts 

150 

150 

150 

volts 

—22.5 

0 

—22.5 

volts 

4.4 

— 

— 


— 

— 

15000 

ohms 

— 

— 

7100 

/imhos 

— 

390* 

70 

mA 

— 

32* 

2.1 

mA 

_ 

— 

—42 

volts 


* This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage .. 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 
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Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No. 2 Voltage . 220 volts 

DC Grid-No. 1 Voltage . —55 volts 

Peak Negative-Pulse Grid-No.l Voltage .. 330 volts 

Peak Cathode Current . 550 mA 

Average Cathode Current . 175 mA 

Plate Dissipation* . 17.5 watts 

Grid-No.2 Input . 3.5 watts 

Bulb Temperature (At hottest point) . 240 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance, for grid-resistor-bias operation* .... 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6GU5 


H 



PJ2 NC 

9LP 


MEDIUM-MU TWIN TRI0DE 6GU7 

8GU7 

Miniature type used in the matrixing circuits of color 
and black-and-white television receivers and in phase- 
inverter, multivibrator, and general-purpose amplifier 
applications. Outlines section, 6E; requires miniature 
9-contact socket. Type 8GU7 is identical with type 6GU7 
except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Plate of Unit No.l to Plate of Unit No.2 


6GU7 

8GU7 


6.3 

8.4 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 

Unit No.l 

Unit No.2 


3 

3 

pF 

3.4 

3.6 

pF 

0.44 

0.34 

pF 

.1 


pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 volts 

Grid Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 3 watts 


CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) 
Transconductance . 


250 volts 

—10.5 volts 

17 

5500 ohms 

3100 //mhos 
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Plate Current . 

Grid Voltage (Approx.) for plate current of 50 /iA 
Plate Current for grid voltage of —14 volts . 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for fixed-bias operation . . . 


11.5 mA 

—23 volts 

4 mA 


1 megohm 


6GV5 BEAM POWER TUBE 

17GV5 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 39A; requires 
duodecar 12-contact socket. Type 17GV5 is identical 
with type 6GV5 except for heater ratings. 


NC 



12DR 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6GV5 17GV5 

6.3 16.8 volts 

1.2 0.45 amperes 

— 11 seconds 

±200 max ±200 max volts 

100 max 100 max volts 


Class Ai Amplifier 


Triode* 

CHARACTERISTICS Pentode Connection Connection 


Plate Voltage .. 

5000 

60 

250 

150 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

150 

150 

150 

150 

volts 

Grid-No.l (Control-Grid) Voltage . 

— 

0 

—22.5 - 

22.5 

volts 

Plate Resistance (Approx.) . 

— 

— 

18000 

— 

ohms 

Transconductance . 

— 

— 

7300 

— 

fim hos 

Amplification Factor . 

Plate Current . 

z 

345- 

65 

4.4 

mA 

Grid-No.2 Current . 

— 

27- 

1.8 

— 

mA 

Grid-No.l Voltage (Approx.) for plate current 
of 1 mA . 

—100 

_ 

—42 

_ 

volts 

* Grid No.2 tied to plate. 

■ This value can be measured by a method involving a 

recurrent 

waveform 

such 

that the 


maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No.2 Voltage . 220 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

DC Grid-No.l Voltage . —55 volts 

Peak Cathode Current . 550 mA 

Average Cathode Current . 175 mA 

Plate Dissipation! . 17.5 watts 

Grid-No.2 Input . 3.5 watts 

Bulb Temperature (At hottest point) . 220 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
t A bias resistor or other means is required to protect the tube in absence of excitation. 


6GV8 


Refer to chart at end of section. 
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6GV8/ 

ECL85 

9GV8/XCL85, 

10GV8/LCL«5 

18GV8/PCL85 


9LY Miniature type used for sync-amplifier and video-out¬ 

put applications in television receivers. Outlines sec¬ 
tion, 6G; requires miniature 9-contact socket. Types 9GV8/XCL85, 10GV8/ 
LCL85, and 18GV8/PCL85 are identical with type 6GV8/ECL85 except for 
heater ratings. 


6GV8/ 

ECL85 

Heater Voltage (ac/dc) 6.3 


Heater Current . 0.9 

Peak Heater-Cathode 

Voltage . ±220 max 


9GV8/ 

XCL85 

9.5 

0.6 

±200 max 


Class A, Amplifier 


MAXIMUM RATINGS (Absolute-Maximum Values) 

Plate Supply Voltage . 

Peak Plate Voltage 0 . 

DC Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Peak Cathode Current* . 

Average Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 Voltage . 

Amplification Factor . 

Mu-Factor, Grid No.l to Grid No.2 . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


10GV8/ 

18GV8/ 


LCL85 

PCL85 


11.6 

18 

volts 

0.45 

0.3 

ampere 

±200 max 

±200 max 

volts 


Triode 


Pentode 


Unit 


Unit 


550 


550 

volts 

— 


2000 

volts 

250 


250 

volts 

— 


550 

volts 

— 


250 

volts 

200 


— 

mA 

15 


75 

mA 

0.5 


7 

watts 

— 


2 

watts 

100 

50 

65 170 

volts 

— 

170 

210 170 

volts 

—0.8 

50 

—1 

—1 —15 

volts 

7600 

— 

— 7 

—25000 

ohms 

6500 


7500 

/rnihos 

5 

200* 

240* 41 

mA 

— 

40* 

50* 2.7 

mA 


1 

1 

megohm 

3.3 

2.2 

megohms 


0 Maximum pulse duration 5 per cent of a cycle with a maximum of 1 millisecond. 


■ Maximum pulse duration 200 microseconds .If a larger flyback is required, this value may 
be reduced to 100 mA with a maximum pulse duration of 400 microseconds. 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum tube ratings will not be exceeded. 


Refer to chart at end of section. 
For replacement use type 6GW6/6DQ6B. 


6GW6 



6AM 


BEAM POWER TUBE 


6GW6/ 

6DQ6B 

12GW6/ 12DQ6B 
17GW6/17DQ6B 


Glass octal type used as horizontal-deflection amplifier 
in high-efficieney deflection circuits of television re¬ 
ceivers. Outlines section, 20A; requires octal socket. 
Types 12GW6/12DQ6B and 17GW6/17DQ6B are iden¬ 
tical with type 6GW6/6DQ6B except for heater rat¬ 
ings. 
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Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) 
Grid No.l to Plate . 


Plate to Cathode, Heater, Grid No.2, 


6GW6/ 

12GW6/ 

17GW6/ 


6DQ6B 

12DQ6B 

17DQ6B 


6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

• 

11 

11 

seconds 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 



0.5 

pF 

and Grid No.3 


17 

pF 

Grid No.3 ... 


7 

1>F 


Class A l Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No. 2 Voltage . 

Grid-No.l Voltage . 

Mu-Factor, Grid No.2 to Grid No.l . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 

1 mA . 

* This value can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 


Triode 

Connection 


Pentode Connection 


150 

60 

250 

volts 

150 

150 

150 

volts 

—22.5 

0 

—22.5 

volts 

4.4 

— 

15000 

ohms 

— 

— 

7100 

/rnihos 

— 

390* 

70 

mA 

— 

32* 

2.1 

mA 

— 

— 

—42 

volts 


a recurrent waveform such that the 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

volts 
volts 
volts 
volts 
volts 
volts 
mA 


DC Plate Supply Voltage . 770 

Peak Positive-Pulse Plate Voltage# . 6500 

Peak Negative-Pulse Plate Voltage . 1500 

DC Grid-No.2 (Screen-Grid) Voltage . 220 

DC Grid-No.l (Control-Grid) Voltage . —55 

Peak Negative-Pulse Grid-No.l Voltage . 330 

Peak Cathode Current ... 550 



Average Cathode Current . 

Plate Dissipation* . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) 


175 

mA 

17.5 

watts 

3.5 

watts 

240 

°C 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance, for grid-resistor-bias operation .... 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

• A bias resistor or other means is required to protect the tube in absence of excitation. 
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HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6GW8/ 

ECL86 


9LZ 


Miniature type used in preamplifier and audio output 
stages of audio equipment and television receivers. 
Outlines section, 6G; requires miniature 9-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.7; maxi¬ 
mum heater-cathode volts, 100 peak. 

Class Al Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Triode Unit 

Pentode Unit 


Plate Supply Voltage . 

550 

550 

volts 

Plate Voltage . 

300 

300 

volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 

— 

550 

volts 

Grid-No.2 Voltage . 

— 

300 

volts 

Grid-No.1 (Control-Grid) Voltage, Negative-bias value 

1.3 

1.3 

volts 

Cathode Current . 

4 

55 

mA 

Plate Dissipation . 

0.5 

9 

watts 

Grid-No.2 Input . 

—• 

1.5 

watts 

CHARACTERISTICS 

Plate Voltage . 

250 

250 

volts 

Grid-No.2 Voltage . 

— 

250 

volts 

Grid-No. 1 Voltage . 

-—1.9 

—7 

volts 

Amplification Factor . 

100 

21* 


Plate Resistance (Approx.) . 

— 

45000 

ohms 

Transconductance . 

1600 

10000 

jumhos 

Plate Current . 

1.2 

36 

mA 

Grid-No.2 Current . 

— 

6 

mA 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance, for fixed-bias operation 
* Grid No.2 to grid No.l. 

1 

0.5 

megohm 


Refer to chart at end of section. 

For replacement use type 6GY6/6GX6. 


6GX6 



9QA 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6GX7 


Miniature type used as combined oscillator-mixer tube 
in vhf tuner circuits of color and black-and-white tele¬ 
vision receivers. Outlines section, 6B; requires minia¬ 
ture 9-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances :** 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Grid No.l to Grid No.2 .. 

** With external shield connected to cathode. 


6.3 

volts 

0.4 

ampere 

±200 max 

volts 

100 max 

volts 

1.2 

pF 

2.3 

pF 

1.9 

pF 

0.005 

pF 

5.4 

pF 

3.3 

pF 

1.6 

pF 
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Class At Amplifier 


MAXIMUM RATINGS (Design-Maximum 

Values) 


Triode Unit 

Pentode Unit 


Plate Voltage .... 



275 


275 


volts 

Grid-No.2 (Screen-Grid) Supply Voltage 



— 


275 


volts 

Grid-No.2 Voltage .. 



— 

See 

curve 

page 300 

Grid-No.l (Control-Grid) Voltage: 








Positive-bias value . 



0 


0 



Negative-bias value . 



40 


40 


volts 

Cathode Current . 



20 


20 


mA 

Plate Dissipation .. 


.... 

1.5 


2.2 


watts 

Grid-No.2 Input: 








For grid-No.2 voltages up to 137.5 

volts . . 


— 


0.45 


watts 

For grid-No.2 voltages between 137.5 and 







275 volts . 



— 

See 

curve 

page 300 

CHARACTERISTICS 


Triode Unit 


Pentode Unit 


Plate Voltage . 


100 

125 


120 

125 

volts 

Grid-No.2 Voltage . 


— 

— 


90 

125 

volts 

Grid-No.l Voltage . 


— 

—1 


— 

—1 

volt 

Grid-No. 1-Circuit Resistance . 


0.1 

— 


0.1 

— 

megohm 

Amplification Factor . 


40 

— 


— 

— 


Plate Resistance . 


— 

4700 


— 

200000 

ohms 

Transconductance . 


8700 

8500 

13000 

11000 

#mhos 

Plate Current. 


12.5 

13 


8.5 

8 

mA 

Grid-No.2 Current . 


— 

— 


2.8 

2.5 

mA 

Grid-No.l Voltage for plate current 








of 20 il A . 


—-6 

— 

- 

-2.5 

— 

volts 

MAXIMUM CIRCUIT VALUES 








Grid-No.l-Circuit Resistance: 



Triode Unit 

Pentode Unit 


For fixed-bias operation . 



0.5 


0.25 


megohm 

For cathode-bias operation . 



1 


0.5 


megohm 


6GY5 

16GY5, 21GY5 BEAM POWER TUBE 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 39A; requires 
duodecar 12-contact socket. Types 16GY5 and 21GY5 
are identical with type 6GY5 except for heater ratings. 



6GY5 

16GY5 

12DR 

21GY5 


Heater Voltage (ac/dc) .. 

6.3 

15.8 

21 

volts 

Heater Current . 

1.5 

0.6 

0.45 

amperes 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

— 

11 

11 

seconds 


Peak value . ±200 max ±200 max ±200 max volts 


Average value . 100 max 100 max 100 max volts 

Class A x Amplifier 


Triodef 

CHARACTERISTICS Pentode Connection Connection 


Plate Voltage . 

5000 

60 

130 

130 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

130 

130 

130 

130 

volts 

Grid-No.l (Control-Grid) Voltage . . . 

— 

0 

—20 

—20 

volts 

Amplification Factor . 

—• 

— 

— 

4.7 


Plate Resistance (Approx.) . 

— 

— 

11000 

— 

ohms 

Transconductance . 

— 

— 

9100 

— 

/xmhos 

Plate Current . 

— 

410** 

50 

— 

mA 

Grid-No.2 Current . 

— 

24** 

1.75 

— 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 1 fiA . 

—66 

— 

—33 

— 

volts 


** This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


t Grid No.2 tied to plate. 



Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 
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Peak Negative-Pulse Plate Voltage . . . 

DC Grid-No.2 Voltage . 

DC Grid-No. 1 Voltage . 

Peak Negative-Pulse Grid-No.l Voitage 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipationff . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 


1500 

volts 

220 

volts 

—55 

volts 

330 

volts 

800 

mA 

230 

mA 

18 

watts 

3.5 

watts 

220 

°C 


MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
ff A bias resistor or other means is required to protect the tube in absence of excitation. 



7EN 


6GY6 

6GY6/ 

SHARP-CUTOFF PENTODE 6GX6 

Miniature type used in gated-agc-amplifier circuits and 
as a noise-inverter tube in color and black-and-white 
television receivers. Tube has two independent control 
grids. Outlines section, 5C; requires miniature 7-con¬ 
tact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Grid No.l to Grid No.3 . 

Grid No.3 to Plate . 

Grid No.3 to Cathode, Heater, Plate, Grid No.l, Grid No.2, 
and Internal Shield . 


Class Ai Amplifier 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.3 Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance, Grid No.l to Plate . 

Transconductance, Grid No.3 to Plate . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.3 Supply Voltage (Approx.) for plate current of 20 /xA . . 
Grid-No.l Supply Voltage (Approx.) for plate current of 20 ^A . 


6.3 

volts 

0.45 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

0.026 

PF 

8 

PF 

0.12 

PF 

1.6 

PF 

6.5 

PF 


150 

volts 

0 

volts 

100 

volts 

0 

volts 

180 

ohms 

0.14 

megohm 

3700 

/xmhos 

750 

/imhos 

3.7 

m A 

3 

mA 

—7 

volts 

—4.5 

volts 


Gated AGC Amplifier and Noise Inverter 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 300 volts 

Peak Positive-Pulse Plate Voltage# . 600 volts 

Grid-No.3 (Control-Grid) Voltage: 

Negative-bias value . 100 volts 

Positive-bias value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 300 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 50 volts 

Positive-bias value . 0 volts 

Plate Dissipation . 1-7 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 1 watt 

For grid-No.2 voltages between 150 and 300 volts . See curve page 300 
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Screen-Grid (Grid-No. 2) 
Input Rating Chart 



O 20 40 60 80 100 

GRID-No.2 VOLTAGE EXPRESSED AS PER CENT OF 
MAX. GRID-No.2 SUPPLY VOLTAGE RATING 

92CS-7586TV2 


Fig. 134 — Grid-No.2 input rating curve. 


For certain voltage amplifier types, 
as listed in the data section, the maxi¬ 
mum permissible screen-grid (grid-No. 
2) input varies with the screen-grid 
voltage, as shown in the chart above. 
(This chart cannot be assumed to apply 
to types other than those for which it 
is specified in the data section.) Full 
rated screen-grid input is permissible 
at screen-grid voltages up to 50 per cent 
of the maximum rated screen-grid sup¬ 
ply voltage. From the 50-per-cent point 
to the full rated value of supply volt¬ 
age, the screen-grid input must be de¬ 
creased. The decrease in allowable 
screen-grid input follows a curve of the 
parabolic form. This rating chart is 
useful for applications utilizing either 
a fixed screen-grid voltage or a series 
screen-grid voltage-dropping resistor. 


When a fixed voltage is used, it is 
necessary only to determine that the 
screen-grid input is within the bound¬ 
ary of the operating area on the chart 
at the selected value of screen-grid 
voltage to be used. When a voltage¬ 
dropping resistor is used, the minimum 
value of resistor that will assure tube 
operation within the boundary of the 
curve can be determined from the fol¬ 
lowing relation: 

Rk ' 2 = ¥ 7 2 

where R g2 is the minimum value for 
the voltage-dropping resistor in ohms, 
E c2 is the selected screen-grid voltage 
in volts, Ecc 2 is the screen-grid supply 
voltage in volts, and P C 2 is the screen- 
grid input in watts corresponding to E ca . 
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MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance . 

. 0.68 

megohm 

megohm 

megohm 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

. 0.22 

. 0.47 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 



Refer to chart at end of section. 6GY8 

Refer to chart at end of section. 6GZ5 

Refer to chart at end of section. 6H6 

Refer to chart at end of section. 6H6GT 

For replacement use type 6HM5/6HA5. 6HA5 



HIGH-MU TRIODE 


6HA5-S 


Miniature type used as rf-amplifier tube in vhf tele¬ 
vision tuners. Outlines section, 5B; requires miniature 
7-contact socket. Type 6HA5-S is electrically identical 
with type 6HM5/6HA5. 


For replacement use type 6HB6/6HA6. 


6HA6 



BEAM POWER TUBE 6HB5 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. 


Heater Voltage (ac/dc) 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value .... 


6.3 volts 

1.5 amperes 

±200 max volts 

100 max volts 
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Class A! Amplifier 


CHARACTERISTICS 

Pentode Connection 

Triode* 

Connection 


Plate Voltage. 

5000 60 

130 

130 

volts 

Grid-No.2 (Screen-Grid) Voltage. 

130 130 

130 

130 

volts 

Grid-No.l (Control-Grid) Voltage. 

Amplification Factor . 

— 0 

—20 

—20 

4.7 

volts 

Plate Resistance (Approx.) . 

— — 

11000 

— 

ohms 

Transconductance . 

— — 

9100 

— 

/imhos 

Plate Current .. 

— 410" 

50 

— 

mA 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate 

— 24" 

1.75 

— 

mA 

current of 1 mA . 

* Grid No.2 tied to plate. 

—66 — 

—33 

- 

volts 

■ This value can be measured by a method involving a recurrent 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

waveform such 

that the 


MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6000 volts 

Peak Negative-Pulse Plate Voltage . 1600 volts 

DC Grid-No.2 Voltage . 220 volts 

DC Grid-No.l Voltage . —55 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Peak Cathode Current . 800 mA 

Average Cathode Current . 230 mA 

Plate Dissipation! . 18 watts 

Grid-No.2 Input . 3.5 watts 

Bulb Temperature (At hottest point) . 220 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
f A bias resistor or other means is required to protect the tube in absence of excitation. 


6HB6 

6HB6/6HA6 


Refer to chart at end of section. 


6HB7 MEDIUM-MU TRIODE— 
5HB7 SHARP-CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHz. Outlines section, 6B; requires miniature 9- 
contact socket. Type 5HB7 is identical with type 6HB7 
except for heater ratings. 



5HB7 

Heater Voltage (ac/dc) . 4.7 

Heater Current . 0.6 

Heater Warm-up Time (Average) . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances :a 
Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Pentode Unit: 

Grid No.l to Plate . 

Grid No 1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield . 

Heater to Cathode" . 

a With external shield connected to cathode except as noted. 

■ With external shield connected to ground. 


6HB7 

6.3 

0.45 

11 

±200 max 
100 max 


1.9 

3 

1.9 


0.010 max 

5 

3.4 

3.8 


volts 

ampere 

seconds 

volts 

volts 


PF 

pF 

pF 

PF 

PF 


p F 

pF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
10 #A . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation. 


Triode Unit Pentode Unit 


330 

330 


volts 

— 

330 


volts 

— 

See curve page 

300 


0 

0 


volts 

2.5 

3.1 


watts 

_ 

0.55 


watt 

— 

See curve page 

300 


150 

125 


volts 

— 

125 


volts 

0 

—1 


volts 

56 

— 


ohms 

40 

— 



0.005 

0.2 

megohm 

8500 

6400 


/imhos 

18 

12 


mA 

— 

4 


mA 

—12 

—9 


volts 


0.5 

0.25 

megohm 

1 

0.5 

megohm 



Refer to chart at end of section. 


6HD7 


Refer to chart at end of section. 
For replacement use type 6JB5/6HE5. 


6HE5 



12FB 


BEAM POWER TUBE 6HF5 


Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out¬ 
lines section, 16B; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 6.3; amperes, 2.25; maximum 
heater-cathode volts, ±200 peak, 100 average. 
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Class Ai Amplifier 

Triode* 

CHARACTERISTICS Pentode Connection Connection 


Plate Voltage . 

5000 

70 

175 

125 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

125 

125 

125 

125 

volts 

Grid-No. 1 (Control-Grid) Voltage . 

— 

0 

—25 

—25 

volts 

Amplification Factor . 

Plate Resistance (Approx.) . 



5600 

3 

ohms 

Transconductance . 

— 

— 

11300 

— 

/imhos 

Plate Current . 

— 

570- 

125 

— 

mA 

Grid-No.2 Current . 

— 

34- 

4.5 

— 

mA 

Grid-No. 1 Voltage (Approx.) for plate 
current of 1 mA . 

—140 

— 

—54 

— 

volts 


* Grid No.2 tied to plate. 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage . 900 volts 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum) . 7500* volts 

Peak Negative-Pulse Plate Voltage . 1100 volts 

DC Grid-No.2 Voltage . 190 volts 

Peak Negative-Pulse Grid-No. 1 Voltage . 250 volts 

Peak Cathode Current . 1100 mA 

Average Cathode Current . 315 mA 

Plate Dissipationf . 28 watts 

Grid-No.2 Input . 5.5 watts 

Bulb Temperature (At hottest point) . 225 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* Under no circumstances should this absolute value be exceeded. 

f A bias resistor or other means is required to protect the tube in absence of excitation. 


6HF8 HIGH-MU TRIODE— 

10 HF 8 SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The triode unit is used 
in high-gain, sound-if stages and in sync-separator, 
sync-clipper, and phase-inverter circuits; the pentode 
unit is used as a video-output amplifier. Outlines sec¬ 
tion, 6E; requires miniature 9-contact socket. For 
curves of average characteristics, refer to type 6AW8A for the triode unit 
and to type 6EB8 for the pentode unit. Type 10HF8 is identical with type 
6HF8 except for heater ratings. 



6HF8 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.75 

Heater Warm-up Time (Average) . — 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 
and Internal Shield 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Triode Grid to Pentode Plate .. 


10HF8 

10.5 

0.45 

11 

±200 max 
100 max 


2.6 

0.1 max 
10 


4.2 

0.015 max 


volts 

ampere 

seconds 

volts 

volts 


pF 

PF 

PF 

pF 

pF 

pF 

PF 
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Class Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 


Triode Unit Pentode Unit 

330 330 

— 330 

— See curve page 300 
0 0 

1 5 

— 1.1 

— See curve page 300 


volts 

volts 

volts 

watts 

watts 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No. 1 Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 

of 100 /iA . 

Grid-No.l Voltage (Approx.) for plate current 
of 20 /iA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Triode Unit 

Pentode Unit 


200 

45 

200 

volts 

— 

125 

125 

volts 

—2 

0 

— 

volts 

— 

— 

68 

ohms 

70 

— 

— 


17500 

— 

75000 

ohms 

4000 

— 

12500 

/imhos 

4 

40* 

25 

mA 

— 

15» 

7 

mA 

— 

— 

—9 

volts 

—6 

— 

- 

volts 

Triode Unit Pentode Unit 



0.5 

0.25 

megohm 


1 

1 

megohm 


Refer to chart at end of section. 6HG5 

Refer to chart at end of section. 6 HG8 



MEDiUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6HG8/ 

ECF86 

5HG8/LCF86 

7HG8/PCF86 


9MP 


Miniature type with frame-grid pentode unit used as 
combined oscillator and mixer tubes in vhf color, and 
black-and-white television receivers. Outlines section, 6B; requires minia¬ 
ture 9-contact socket. Types 5HG8/LCF86 and 7HG8/PCF86 are identical 
with type 6HG8/ECF86 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Peak Heater-Cathode Voltage . . . . 


5HG8/ 6HG8/ 

LCF86 ECF86 

5.3 6.3 

0.45 0.34 

11 — 

±100 max ±100 max 


7HG8/ 

PCF86 

7.2 volts 

0.3 ampere 

— seconds 

±100 max volts 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage. 

Grid-No.l (Control-Grid) Voltage . 

Amplification Factor . 


Triode Unit Pentode Unit 


125 

250 

volts 

— 

150 

volts 

15 

18 

mA 

1.5 

2 

watts 

— 

0.5 

watt 

100 

170 

volts 

— 

150 

volts 

—3 

17 

—1.2 

volts 
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'Mu-Factor, Grid No.2 to Grid No. 1 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation 


6HJ5 

6HJ8 

6HK5 


5500 

14 


0.5 


70 


0.35 

megohm 

12000 

/imhos 

10 

mA 

3.3 

mA 

0.25 

megohm 

0.5 

megohm 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 


/ U IO MEDIUM-MU TRIODE— 

OnLO SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The triode unit is used as 
a sync-separator or voltage-amplifier tube, and the 
pentode unit is used as a video if-amplifier, age-ampli¬ 
fier, or reactance tube. Outlines section, 6B; requires 
miniature 9-contact socket. Heater: volts (ac/dc), 6.3; 
amperes, 0.6; warm-up time (average), 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 



MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
20 jkA . 

MAXIMUM CIRCUIT VALUE 

Grid-No.1-Circuit Resistance . 


Triode Unit Pentode Unit 


330 

330 


volts 

— 

330 


volts 

— 

See curve 

page 

300 

0 

0 

volts 

2.5 

2.5 


watts 

_ 

0.55 


watt 

— 

See curve 

page 

300 

125 

125 


volts 

— 

125 


volts 

—1 

—1 


volt 

40 

— 



5000 

150000 


ohms 

7000 

10000 


/imhos 

12.5 

12 


mA 

— 

4.5 


mA 

— 

—7 


volts 

1 

_ 


megohm 


6HM5 


For replacement use type 6HM5/6HA5. 


6HM5/ 

6HA5 

2HM5/2HA5 

3HM5/3HA5 

4HM5/4HA5 


HIGH-MU TRIODE 


Miniature type used as rf-amplifier tube in vhf color 
and black-and-white television tuners. Outlines section, 
5C; requires miniature 7-contact socket. Types 2HM5/ 
2HA5, 3HM5/3HA5, and 4HM5/4HA5 are identical 
with type 6HM5/6HA5 except for heater ratings. 
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2HM5/ 3HM5/ 4HM5/ 6HM5/ 

2HA5 3HA5 4HA5 6HA5 

Heater Voltage (ac/dc) . 2.0 2.7 4.0 6.3 volts 

Heater Current . 0.6 0.45 0.3 0.18 ampere 

Peak Heater-Cathode Voltage .... ±110 max ±110 max ±110 max ±110 max volts 

Direct Interelectrode Capacitances: 

Grid to Plate . 0.36 pF 

Grid to Cathode, Heater, Internal Shield, and External Shield 4.3 pF 

Plate to Cathode, Heater, Internal Shield, and External Shield 0.080 pF 

Cathode to Plate . 2.9 pF 

Cathode to Heater, Grid, Internal Shield, and External Shield 3.1 pF 

Heater to Cathode . 2.3 pF 

Heater to Grid . 0.070 max pF 

Class Ax Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 220 volts 

DC Plate Supply Voltage . 600 volts 

Grid Voltage . —50 volts 

Cathode Current . 22 mA 

Plate Dissipation . 2.6 watts 


CHARACTERISTICS AND TYPICAL OPERATION 



Fixed Bias 

Cathode Bias 


DC Plate Supply Voltage . 

135 

135 

135 

135 

volts 

Plate-Load Resistor . 

— 

— 

1000 

5600 

ohms 

Internal-Shield Voltage . 

0 

0 

0 

0 

volts 

DC Grid Voltage . 

—1 

—2.7 

— 

— 

volts 

Cathode-Bias Resistor . 

— 

— 

0 

87 

ohms 

Amplification Factor . 

72 

— 

80 

72 


Transconductance . 

14500 

1500 

20000 

14500 

/anhos 

Plate Current . 

11.5 

— 

19 

11.5 

mA 

DC Grid Current. 

— 

— 

10 

— 

HA 

Grid-No. 1 Voltage for one-per-cent 
transconductance . 

_ 

_ 

—5.3 

—8.1 

volts 


Refer to chart at end of section. 


6 HM6 



7GM 


HIGH-MU TRIODE 6HQ5 

2HQ5, 3HQ5, 4HQ5 

Miniature type used as grounded-cathode rf-amplifier 
tube in vhf tuners of television receivers. Outlines sec¬ 
tion, 5C; requires miniature 7-contact socket. Types 
2HQ5, 3HQ5, and 4HQ5 are identical with type 6HQ5 
except for heater ratings. 


2HQ5 3HQ5 

Heater Voltage (ac/dc) . 2.4 3 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Peak Heater-Cathode Voltage .... ±100 max ±100 max 


Direct Interelectrode Capacitances (Approx.) :* 

Grid to Plate . 

Grid to Cathode, Heater, and Internal Shield 
Plate to Cathode, Heater, and Internal Shield 

Heater to Cathode . 

* With external shield connected to cathode. 


4HQ5 

4.2 

0.3 

11 

± 100 max 


6HQ5 


6.3 

volts 

0.2 

ampere 

— 

seconds 

±100 max 

volts 

0.52 

PF 

5 

pF 

3.5 

pF 

2.5 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage .. 

Grid Voltage, Negative-bias Value .. 

Cathode Current . 

Plate Dissipation . 


200 

volts 

50 

volts 

22 

mA 

2.5 

watts 
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CHARACTERISTICS 

Plate Voltage .. 135 volts 

Grid Voltage . —1 volt 

Amplification Factor . 78 

Plate Resistance . 5400 ohms 

Transconductance . 15000 /tmhos 

Plate Current . 11.5 mA 

Input Resistance** . 275 ohms 

Input Capacitance** . 11.2 pF 

Noise Figure# . 4.7 dB 

Grid Voltage (Approx.) for transconductance of 150 /imhos . —4.2 volts 

Grid Voltage (Approx.) for transconductance of 1500 /imhos . —2.5 volts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 1 megohm 


** Measured at 200 MHz with heater volts = 6.3 volts and plate effectively grounded for rf 
voltages. 

# For a neutralized triode amplifier at a frequency of 200 MHz with signal source impedance 
adjusted for minimum noise output. 


6HR5 


Refer to chart at end of section. 


6 HR6 


Refer to chart at end of section. 


6HS5 BEAM TRIODE 

Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15F; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.5. 



Class Ai Amplifier 

CHARACTERISTICS 

Pulse Plate Voltage* . 

Grid No.2 (Beam Plate) . 

Grid-Voltage, Negative-bias value . 

Peak Plate Current . 

Amplification Factor . 

Transconductance . 

Plate Resistance (Approx.) . 

Grid Voltage (Approx.) for plate current of 1 mA . 

* Duty cycle of the pulse must be less than 2.5%. 


. 3500 volts 

Connected to cathode at socket 

. 4.4 volts 

. 300 mA 

. 300 

. 65000 /zmhos 

. 4600 ohms 

. —13 volts 


High-Voltage Regulator Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Plate Voltage# . 5500 volts 

Plate Dissipation . 30 watts 

Peak Plate Current . 325 mA 

Heater-Cathode Voltage: 

Peak value . +200 —450 volts 

Average value . 100 volts 

Bulb Temperature (At hottest point) . 220 °C 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance* . 0.1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* Larger values of grid-circuit resistance may be used if provisions are made to protect 
the tube. 
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C| 

7BK 


SHARP-CUTOFF PENTODE 


Miniature type used as if-amplifier and limiter tube 
in FM receivers. Outlines section, 5C; requires miniature 
7-contact socket. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield . 


6.3 

volts 

0.45 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

0.006 max 

volts 

8.8 

pF 

5.2 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive Value . . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts . . 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 . 

Grid-No.2 Supply Voltage . 

Grid-No.l Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor* . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
20 /jlA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

• Grid No.2 connected to plate. 


300 volts 

0 volts 

300 volts 

See curve page 300 

50 volts 

0 volts 

3 volts 

1 watt 

See curve page 300 


75 

150 

volts 

Connected 

to cathode 

at socket 

75 

75 

volts 

0 

0 

volts 

68 

68 

ohms 

50 

0.5 

megohm 

— 

9500 

/tm hos 

— 

8.8 

mA 

— 

2.8 

raA 

— 

—4 

volts 


0.5 megohm 

1 megohm 
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6HS8 

3HS8 

4HS8 


SHARP-CUTOFF 
TWIN PENTODE 


Miniature type used in age amplifier, sync, and noise- 
limiting circuits of color and black-and-white television 
receivers. One pentode unit is used as combined sync 
separator and sync clipper; second pentode unit is 
used as age amplifier. Outlines section, 6E; requires 
miniature 9-contact socket. Types 3HS8 and 4HS8 are 
identical with type 6HS8 except for heater ratings. 


3HS8 4HS8 


Heater Voltage (ac/dc) . 3.5 4.2 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Heater-Cathode Voltage: 

Peak value . rt200 max 

Average value . 100 max 


Direct Interelectrode Capacitances: 

Grid No.3 to Plate (Each Unit) . 

Grid No.l to All Other Electrodes . 

Grid No.3 (Each Unit) to All Other Electrodes 

Plate (Each Unit) to All Other Electrodes . 

Grid No.3 (Unit No.l) to Grid No.3 (Unit No.2) 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage (Each Unit) . 

Grid-No.3 (Suppressor-Grid) Voltage (Each Unit) : 

Peak positive value . 

DC negative value . 

DC positive value . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage, Negative-bias value . . 

Cathode Current . 

Plate Dissipation (Each Unit) . 

Grid-No.2 Input . 


CHARACTERISTICS With One Unit Operating* 

Plate Voltage . 100 

Grid-No.3 Voltage . 0 

Grid-No 2 Voltage . 67.5 

Grid-No.l Voltage 0 


Transconductance, Grid No.3 to Plate . — 

Tvansconductance, Grid No.l to Plate . 1100 

Plate Current . — 

Grid-No.3 Voltage (Approx.) for plate current of 

100 n A . - 

Grid-No 1 Voltage (Approx.) for plate current of 

100 /iA . — 


H 



K G 3 p, 

9FG 


6HS8 

6.3 volts 

0.3 ampere 

— seconds 

±200 max volts 

100 max volts 

2 pF 

6 pF 

3.6 pF 

3 pF 

0.015 max pF 


300 

volts 

50 

volts 

50 

volts 

3 

volts 

150 

volts 

50 

volts 

12 

mA 

1.1 

watts 

0.75 

watt 


100 

volts 

0 

volts 

67.5 

volts 

■ 

volts 

450 

jtimhos 

— 

jtnnhos 

2 

mA 

—3.5 

volts 

—2.3 

volts 



PLATE VOLTS 92CS-II099T 
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With Both Units Operating 

Plate Voltage (Each Unit) . 

Grid-No.3 Voltage (Each Unit) . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Plate Current (Each Unit) . 

Grid-No.2 Current . 

Cathode Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance (Each Unit) . 

Grid-No.l-Circuit Resistance . 


311 


100 

100 

volts 

—10 

0 

volts 

67.5 

67.5 

volts 

■ 

■ 

volts 

_ 

2 

mA 

7 

4.4 

mA 

7.1 

8.5 

mA 


. 0.5 

megohm 

. 0.5 

megohm 


• With plate and grid No.3 of other unit connected to ground. 


■ Adjusted to give grid-No.l current of 0.1 milliampere. 


Refer to chart at end of section. 


6HU6/EM87 


Refer to chart at end of section. 6HU8/ELL80 

Refer to chart at end of section. 6HV5 


IC P 



BEAM TRIODE 6HV5A 

Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15F; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.8. 


Class Ai Amplifier 

CHARACTERISTICS 

Pulse Plate Voltage* . 

Grid No.2 (Beam Plate) . 

Grid-Voltage. Negative-bias value . 

Peak Plate Current . 

Amplification Factor . 

Transconductance . 

Plate Resistance (Approx.) . 

Grid Voltage (Approx.) for plate current of 1 mA . 

* Duty cycle of the pulse must be less than 2.5%. 


. 3500 volts 

Connected to cathode at socket 

. 4.4 volts 

. 300 mA 

. 300 

. 65000 /imhos 

. 4600 ohms 

. —13 volts 


High-Voltage Regulator Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Plate Voltage# . 5500 

Plate Dissipation . 35 

Peak Plate Current . 325 

Heater-Cathode Voltage: 

Peak value . +200 —450 

Average value . 100 

Bulb Temperature (At hottest point) . 240 


volts 

watts 

mA 

volts 

volts 

°C 


MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance* . 0.1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* Larger values of grid-circuit resistance may be used if provisions are made to protect 
the tube. 


Refer to chart at end of section. 

For replacement use type 6JH5/6JD5/6HZ5. 


6HZ5/6JD5 
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6HZ6 SHARP-CUTOFF PENTODE 

5HZ6 

Miniature type used as sound-detector tube in FM and 
color and black-and-white television receivers. Tube 
has two independent control grids. Outlines section, 
5C; requires miniature 7-contact socket. Type 5HZ6 
is identical with type 6HZ6 except for heater ratings. 



7EN 


Heater Voltage (ac/dc) . 

Heater Current ..... 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

Internal Shield . 

Grid No.l to Grid No.3 . 

Grid No.3 to Plate . 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, 
and Internal Shield . 


5HZ6 

6HZ6 


4.75 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 

and 

0.023 

pF 


8.2 

pF 


0.09 

pF 

, Plate, 

1.6 

PF 


7.2 

PF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Supply Voltage . 150 volts 

Grid-No.3 Supply Voltage . 0 volts 

Grid-No.2 Supply Voltage . 100 volts 

Grid-No.l Supply Voltage . 0 volts 

Cathode-Bias Resistor . 180 ohms 

Plate Resistance (Approx.) . 0.11 megohm 

Transconductance, Grid No.l to Plate . 3400 /imhos 

Transconductance, Grid No.3 to Plate . 600 /anhos 

Plate Current . 3.2 mA 

Grid-No.2 Current . 3.2 mA 

Grid-No.3 Supply Voltage (Approx.) for plate current of 20 /aA .. —7 volts 

Grid-No.l Supply Voltage (Approx.) for plate current of 20 /iA . —4.5 volts 




FM Sound Detector 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 300 volts 

Grid-No.3 (Control-Grid) Voltage: 

Negative value (dc and peak ac) . 100 volts 

Positive value (dc and peak ac) . 25 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 300 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 60 volts 

Positive-bias value . 0 volts 

Plate Dissipation . 1.7 watts 
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Grid-No.3 Input . 0.1 watt 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 1 watt 

For grid-No.2 voltages between 150 and 300 volts . See curve page 300 

MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance . 0.68 megohm 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.22 megohm 

For cathode-bias operation . 0.47 megohm 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


6 HZ8 

6J4 

6J4WA 

6J5 

6J5GT 

6 J6 



MEDIUM-MU TWIN TRIODE 6J6A 

5J6 

Miniature type used as combined rf power amplifier 
and oscillator or as twin af amplifier. With push-pull 
arrangement of the grids and the plates in parallel, 
this type can also be used as a mixer at frequencies 
as high as 600 MHz. Outlines section, 5C; requires 
miniature 7-contact socket. Type 5J6 is identical with 
type 6J6A except for heater ratings. 


5J6 6J6A 

Heater Voltage (ac/dc) . 4.7 6.3 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Peak Heater-Cathode Voltage . ±100 max ±100 max 

Direct Interelectrode Capacitances 

(Each Unit, Approx.) : Unshielded Shielded 

Grid to Plate . 1.6 1.6 

Grid to Cathode and Heater . 2.2 2.6 

Plate to Cathode and Heater (Unit No.l) .... 0.4 1.6 

Plate to Cathode and Heater (Unit No.2) .... 0.4 1 


volts 

ampere 

seconds 

volts 


pF 

pF 

pF 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, Positive-bias value . 

Plate Dissipation . 

CHARACTERISTICS 

Plate Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

f Value is for both units operating at the specified conditions. 


300 

volts 

0 

volts 

1.5 

watts 

100 

volts 

50f 

38 

ohms 

7100 

ohms 

5300 

/imhos 

8.5 

mA 

Not 

recommended 

0.5 

megohm 
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RF Power Amplifier and Oscillator—Class C Telegraphy 

Key-down conditions per tube without modulation 
MAXIMUM RATINGS (Design-Center Values, Each Unit) 

Plate Voltage .... ^... . 

Grid Voltage: 

Negative-bias value . 

Positive-bias value ... 

Plate Current . 

Grid Current .... 

Plate Input ... 

Plate Dissipation ....... 

TYPICAL PUSH-PULL OPERATION (Both Units) 

Plate Voltage . 

Grid Voltage 0 ... 

Plate Current . 

Grid Current (Approx.) . 

Driving Power (Approx.) . 

Power Output (Approx.) . 

° Obtained by grid resistor (625 ohms), cathode-bias resistor (220 ohms), or fixed 


300 

volts 

40 

volts 

0 

volts 

15 

mA 

8 

mA 

4.5 

watts 

1.5 

watts 

150 

volts 

—10 

volts 

30 

mA 

16 

mA 

0.35 

watt 

3.5 

watts 

), or 

fixed supply. 


6J6WA 

6J6WB 

6J7 

6J7G 

6J7GT 

6J8G 

6J9 

6J10 

6J11 
6JA5 
6JB5 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6Z10/6J10. 

Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 6JB5/6HE5. 


6JB5/6HE5 BEAM POWER TUBE 

Duodecar type used as vertical-deflection amplifier in 
television receivers. Outlines section, 15D; requires duo¬ 
decar 12-contact socket. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . . 

Class Ai Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage. 

Grid-No.l (Control-Grid) Voltage . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
100 juA . 


6.3 

volts 

0.8 

ampere 

±200 max 

volts 

100 max 

volts 

0.49 

pF 

9.5 

pF 

6.5 

pF 


60 

250 

volts 

250 

250 

volts 

0 

—20 

volts 

— 

50000 

ohms 

— 

4100 

/imhos 

180* 

43 

mA 

20* 

3.5 

mA 

— 

—50 

volts 
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■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 350 

Peak Positive-Pulse Plate Voltage# . 2500 

Grid-No.2 Voltage . 300 

Peak Cathode Current . 260 

Average Cathode Current . 75 

Plate Dissipation! . 15 

Grid-No.2 Input! . 2.75 

Bulb Temperature (At hottest point) . 200 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 1 

For cathode-bias operation . 2.2 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
! A resistor or other means is required to protect the tube in absence of excitation. 


volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


megohm 

megohms 


Refer to chart at end of section. 


6JB6 


H 



BEAM POWER TUBE 6JB6A 

12JB6A, 17JB6A 

Novar types used as high-efficiency horizontal-deflec¬ 
tion amplifiers in television receivers. Outlines section, 
32A; requires novar 9-contact socket. Types 12JB6A 
and 17JB6A are identical with type 6JB6A except for 
heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to Plate . 


6JB6A 

12JB6A 

17JB6A 


6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 



0.2 

pF 

3rid No.3 . 


15 

pF 

No.3 . 


6 

pF 


Class At Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid No.3 (Suppressor Grid) . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 

Mu-Factor, Grid No.2 to Grid No.l . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage for plate current of 1 mA 
A Grid No.2 connected to plate. 


Triode Pentode 

Connection* Connection 


150 

60 

150 

volts 


Connected 

to cathode 

at socket 

— 

150 

150 

volts 

—22.5 

0 - 

—22.5 

volts 

4.4 

— 

— 


— 

— 

15000 

ohms 

— 

— 

7100 

/tmhos 

— 

390- 

70 

mA 

— 

32- 

2.1 

mA 

— 

— 

—42 

volts 


■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 
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Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No.3 Voltagef ... 70 volts 

DC Grid-No.2 Voltage . 220 volts 

DC Grid-No. 1 Voltage . . —55 volts 

Peak Negative-Pulse Grid-No. 1 Voltage . 330 volts 

Peak Cathode Current . 550 mA 

Average Cathode Current . 175 mA 

Plate Dissipation* . 17.5 watts 

Grid-No.2 Input . ... 3.5 watts 

Bulb Temperature (At hottest point) . 240 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance, for grid-resistor-bias operation .... 1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
t For horizontal-deflection service, a positive voltage may be applied to grid No.3 to minimize 
“snivets” interference in both vhf and uhf television receivers. A typical value is 30 volts. 

• A bias resistor or other means is required to protect the tube in absence of excitation. 



6 JC6 


Refer to chart at end of section. 


6JC6A SHARP-CUTOFF PENTODE 

3JC6A, 4JC6A 

Miniature type with frame grid used in if-amplifier 
stages of color and black-and-white television receivers 
utilizing intermediate frequencies in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-con¬ 
tact socket. Type 4JC6 is identical with type 6JC6 
except for heater ratings. Types 3JC6A and 4JC6A are 
identical with type 6JC6A except for heater ratings. 



9PM 


3JC6A 4JC6A 6JC6A 

Heater Voltage (ac/dc) . 3.5 4.5 6.3 volts 

Heater Current . 0.6 0.45 0.3 ampere 

Heater Warm-up Time (Average) . 11 11 — seconds 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max ±200 max volts 

Average value . 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.019 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 8.5 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield . 3 pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 0 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 330 volts 

Grid-No.2 Voltage . See curve page 300 
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Grid-No. 1 (Control-Grid) Voltage, Positive-bias 

value 

0 

0 

volts 

Plate Dissipation . 

Grid-No.2 Input: 


2.5 

3.1 

watts 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 

CHARACTERISTICS 

volts 

0.6 

0.7 

See 

watt 

curve page 300 

Plate Supply Voltage . 


125 

125 

volts 

Grid No.3 . 


Connected to cathode at socket 

Grid-No.2 Supply Voltage . 


125 

125 

volts 

Cathode-Bias Resistor . 


56 

56 

ohms 

Plate Resistance (Approx.) . 


0.18 

0.18 

megohm 

Transconductance . 


15000 

16000 

/zmhos 

Plate Current . 


13 

14 

mA 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 

3.2 

3.4 

mA 

100 .uA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 


—3 

—3 

volts 

For fixed-bias operation . 


0.25 

0.25 

megohm 

For cathode-bias operation . 


1 

1 

megohm 



0 40 80 120 160 200 240 


PLATE VOLTS 9«CM-li948T 



9PA 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6JC8 


Miniature type used as combined vhf oscillator and 
mixer tube in television receivers. Outlines section, 
6B; requires miniature 9-contact socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.45; warm-up time (average), 
11 seconds; maximum heater-cathode volts, ±200 peak, 
100 average. 


Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Triode Unit 

Pentode Unit 


Plate Voltage . 

275 

275 


volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 

— 

275 


volts 

Grid-No.2 Voltage . 

— 

See 

curve 

page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

0 

0 


volts 

Plate Dissipation . 

1.7 

2.3 


watts 

Grid-No.2 Input: 





For grid-No.2 voltages up to 137.5 volts . 

— 

0.45 


watt 

For.grid-No.2 voltages between 137.5 and 275 volts 

— 

See 

curve 

page 300 

CHARACTERISTICS 





Plate Voltage . 

125 

100 

125 

volts 

Grid-No.2 Voltage . 

— 

70 

125 

volts 

Grid-No.l Voltage . 

—1 

0 

— 1 

volt 

Amplification Factor . 

40 

— 

— 


Plate Resistance (Approx.) . 

6000 

— 

300000 

ohms 

Transconductance . 

6500 

5700 

5500 

/imhos 

Plate Current . 

12 

— 

9 

mA 

Grid-No.2 Current . 

— 

— 

2.2 

mA 
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Grid-No. 1 Voltage (Approx.) for plate current of 

20 fiA . —7 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . — 

For cathode-bias operation . — 


6.5 volts 


0.1 megohm 

0.5 megohm 


6JD5 For replacement use type 6JH5/6JD5/6HZ5 


6JD6 SHARP-CUTOFF PENTODE 

3JD6, 4JD6 

Miniature type with frame grid used as if-amplifier 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-contact 
socket. Types 3JD6 and 4JD6 are identical with type 
6JD6 except for heater ratings. 



Heater Current 




9PM 

3JD6 

4JD6 

6JD6 

3.5 

4.5 

6.3 

0.6 

0.45 

0.3 

11 

11 

— 


Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield . 


±200 max ±200 max 
100 max 100 max 


0.019 max 

8.2 


volts 

ampere 

seconds 

volts 

volts 

PF 

PF 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 2.5 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .. 0.6 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 



PLATE VOLTS 92cs-M95iT 


CHARACTERISTICS 

Plate Supply Voltage .. 125 

Grid-No.3 Voltage . 0 

Grid-No.2 Supply Voltage . 125 


volts 

volts 

volts 
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Grid-No.l Supply Voltage . 0 volts 

Cathode-Bias Resistor . 56 ohms 

Plate Resistance (Approx.) . 160000 ohms 

Transconductance . 14000 //mhos 

Plate Current . 15 mA 

Grid-No.2 Current . £ 

Grid-No.l Voltage (Approx.) for transconductance of 600 jumbos .. —4.5 volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 1 megohm 


Refer to chart at end of section. 

For replacement use type 6MJ6/6LQ6/6JE6C 

Refer to chart at end of section. 

For replacement use type 6MJ6/6LQ6/6JE6C 

For replacement use type 6MJ6/6LQ6/6JE6C 

Refer to chart at end of section. 


BEAM POWER TUBE 6JF6 

17JF6, 22JF6 

Novar type used as horizontal-deflection amplifier in 
black-and-white television receivers. Outlines section, 
18E or 18F; requires novar 9-contact socket. Types 
17JF6 and 22JF6 are identical with type 6JF6 except 
for heater ratings. 

6JF6 17JF6 

Heater Voltage (ac/dc) . 6.3 16.8 

Heater Current . 1.6 0.6 

Heater Warm-up Time (Average) .... — 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 


Class Ai Amplifier 




CHARACTERISTICS 

Triode* 

Connection 

Pentode Connection 


Plate Voltage . 

125 

— 

50 

130 

volts 

Peak Positive-Pulse Plate Voltage# . . 

— 

6500 

— 

— 

volts 

Grid No.3 (Suppressor Grid) . 

Connected to 

cathode 

at socket 


Grid-No.2 (Screen-Grid) Voltage . . . . 

125 

125 

125 

125 

volts 

Grid-No.l (Control-Grid) Voltage 

—20 

— 

0 

—20 

volts 

Triode Amplification Factor . 

4.1 

— 

— 

— 


Plate Resistance (Approx.) . 

— 

— 

— 

12000 

ohms 

Transconductance . 

— 

— 

— 

10000 

//mhos 

Plate Current . 

— 

— 

525f 

80 

mA 

Grid-No.2 Current . 

— 

— 

32f 

2.5 

mA 

Grid-No.l Voltage for plate current 
of 1 mA . 

_ 

—125 

_ 

—40 

volts 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No.3 Voltage* . 100 volts 


22JF6 

22 

volts 

0.45 

amperes 

11 

seconds 

±200 max 

volts 

100 max 

volts 

1.2 

pF 

22 

pF 

9 

pF 


H 



9QL 


6 JE6 

6 JE6A 

6 JE6C 

6 JE8 
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DC Grid-No.2 Voltage . 220 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Peak Cathode Current . 950 mA 

Average Cathode Current . 275 mA 

Grid-No. 2 Input . 3.5 watts 

Plate Dissipation! . 17 watts 

Bulb Temperature (At hottest point) . 240 °C 




PLATE VOLTS 


92CS-II927T2 


100 200 300 400 500 

PLATE VOLTS 92CS-II923T2 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For cathode-bias operation . 1 megohm 

For grid-leak-bias operation . 10 megohms 

For fixed-bias operation . 0.47 megohm 

■ Grid-No.2 connected to plate at socket. 

f This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

# Pulse duration must not exceed 15% of a horizontal scanning cycle <{10 microseconds). 

* In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter¬ 
ference ; a typical value for this voltage is 50 volts. 

$ A bias resistor or other means is required to protect the tube in absence of excitation. 


6JG5 SHARP-CUTOFF PENTODE 

Miniature type with frame grid used as video output 
amplifier in color television receivers. Outlines section, 
6E; requires miniatue 9-contact socket. Heater: volts, 
6.3; amperes, 0.525; maximum heater-cathode volts, 
±200 peak, 100 average. 



9SF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive value . 


Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 200 

Grid-No.2 Supply Voltage . 150 

Grid-No.l Voltage . — 

Cathode-Bias Resistor, Bypassed . 100 

Plate Resistance (Approx.) . 60000 

Transconductance (Grid No.l to Plate) . 11500 

Plate Current . 25 

Grid No.2 Current . 5.5 

Grid-No.l Voltage (Approx.) for plate current 

of 100 n A .. —10 


330 volts 

0 volts 

330 volts 

See curve page 300 
0 volts 

5 watts 

1.1 watts 


60 volts 

150 volts 

0* volts 

— ohms 

— ohms 

— /imhos 

55 mA 

18 mA 

— volts 
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MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . . 1 megohm 

• Applied not exceeding two seconds, to avoid damage to tube. 

Refer to chart at end of section. 6JG6 



9QU 


6JG6A 

BEAM POWER TUBE 17JG6A, 22JG6A 

Novar type used as horizontal-deflection amplifier in 
low-B-f-, black-and-white television receivers. Outlines 
section, 31D; requires novar 9-contact socket. For 
curves of average plate characteristics, refer to type 
6JF6. Types 17JG6A and 22JG6A are identical with 
type 6JG6A except for heater ratings. 



6JG6A 

17JG6A 

22JG6A 


Heater Voltage (ac/dc) . 

6.3 

16.8 

22 

volts 

Heater Current . 

1.6 

0.6 

0.45 

amperes 

Heater Warm-up Time (Average) . 

— 

11 

11 

seconds 

Heater-Cathode Voltage: 





Peak value . 

±200 max 

±200 max 

±200 max 

volts 

Average value . 

100 max 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 





Grid No.l to Plate . 



0.7 

pF 

Grid No.l to Cathode, Heater, Grid No.2, 

and Grid No. 3 


22 

pF 

Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 . . . 


9 

PF 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.3 (Suppressor Grid) . 

Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.), 

for plate current of 1 mA . . . 


Class A* Amplifier 

Triode* Pentode 

Connection Connection 

. 125 50 130 volts 

. Connected to cathode at socket 

. — 125 125 volts 

. —20 0 —20 volts 

. 4.1 — — 

. — — 12000 ohms 

— — 10000 jrnihos 

— 525» 80 mA 

. — 32* 2.5 mA 

. — — —40 volts 


■ With grid No.2 connected to plate at socket. 


• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 

Peak Positive-Pulse Plate Voltage# . 6500 

Peak Negative-Pulse Plate Voltage . 1500 

DC Grid-No.3 Voltage* . 75 

DC Grid-No.2 Voltage . 220 

DC Grid-No.l Voltage, Negative-bias value . —55 

Peak Negative-Pulse Grid-No.l Voltage . 330 

Peak Cathode Current . 950 

Average Cathode Current . 275 

Plate Dissipation - ! - . 17 

Grid-No.2 Input . 3.5 

Bulb Temperature (At hottest point) . 240 


volts 

volts 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance, for grid-No.1-resistor-bias operation 2.2 megohms 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* In a horizontal-deflection-amplifier service, a positive voltage (typical value, 30 volts) may 
be applied to grid No.3 to reduce “snivets” interference, which may occur in both vhf and 
uhf television receivers. 

t A bias resistor or other means is required to protect the tube in absence of excitation. 
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6JH5 BEAM TRIODE 

6JH5/6HZ5/6JD5 

Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15F; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 2.4. 



Class Ai Amplifier 


CHARACTERISTICS 

Pulse Plate Voltage* . 

Grid No.2 (Beam Plate) . 

Grid-Voltage, Negative-bias value . 

Peak Plate Current . 

Amplification Factor . 

Transconductance . 

Plate Resistance (Approx.) . 

Grid Voltage (Approx.) for plate current of 1 mA 

* Duty cycle of the pulse must be less than 2.5%. 


. 3500 volts 

Connected to cathode at socket 

. 4.4 volts 

. 300 mA 

. 300 

. 65000 /imhos 

. 4600 ohms 

. —16 volts 


High-Voltage Regulator Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

Peak Plate Voltage# . 

Plate Dissipation . 

Peak Plate Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Bulb Temperature (At hottest point) . 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance* . 


5500 volts 
35 watts 

325 mA 

-{-200 —450 volts 

100 volts 

240 °C 


0.1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* Larger values of grid-circuit resistance may be used if provisions are made to protect 
the tube. 


6JH6 SEMI REMOTE-CUTOFF 

4jH6 PENTODE 

Miniature type used in the gain-controlled picture if- 
amplifier stages of color and black-and-white television 
receivers. Outlines section, 5C; requires miniature 7- 
contact socket. For curves of average plate characteris¬ 
tics, refer to type 6BZ6. Type 4JH6 is identical with 
type 6JH6 except for heater ratings. 


4JH6 

Heater Arrangement . Series 

Heater Voltage (ac/dc) . 4.2 

Heater Current . 0.45 

Heater Warm-up Time . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value .. 100 max 

Direct Interelectrode Capacitances: Unshielded 

Grid No.l to Plate . 0.025 max 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 7 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 2 


■ With external shield connected to cathode. 



7CM 

6JH6 

Parallel 

6,3 volts 

0.3 ampere 

— seconds 

±200 max volts 

100 max volts 

Shielded* 

0.015 max pF 

7 pF 

3 pF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts . 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.3 . Connected 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Transconductance Range for grid-No.l voltage of —4.5 volts and 

cathode-bias resistor of 56 ohms . 

Plate Current . 

Grid-No.2 Cm*rent . 

Grid-No.l Voltage (Approx.) for transconductance of 50 /rnihos 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation .. 


300 

volts 

0 

volts 

300 

volts 

See curve 

page 300 

0 

volts 

0.55 

watt 

See curve 

page 300 

125 

volts 

to cathode 

at socket 

125 

volts 

56 

ohms 

0.26 

megohm 

8000 

fim hos 

400-900 

/imhos 

14 

mA 

3.6 

mA 

—19 

volts 

0.25 

megohm 

1 

megohm 


BEAM-DEFLECTION TUBE 6JH8 

Miniature type used in color-demodulator and burst- 
gate circuits in color television receivers. This type 
has two plates and two deflecting electrodes; the con¬ 
trol grid varies beam deflection. Outlines section, 6E; 
requires miniature 9-contact socket. Pin 5 should be 
connected to cathode at socket. The 6JH8 should be 
so located in the equipment that it is not subjected to stray magnetic fields. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.3 amperes 

Direct Interelectrode Capacitances: 

Grid No.l to All Other Electrodes, Except Both Plates . 7.5 pF 

Grid No.l to Deflecting Electrode No.l . 0.04 max pF 

Grid No.l to Deflecting Electrode No.2 . 0.07 max pF 

Plate No.l to All Other Electrodes . 5 pF 

Plate No.2 to All Other Electrodes . 5 pF 

Plate No.l to Plate No.2 . 0.4 pF 

Deflecting Electrode No.l to All Other Electrodes . 4.8 pF 

Deflecting Electrode No.2 to All Other Elecetrodes . 4.8 pF 

Deflecting Electrode No. 1 to Deflecting Electrode No.2 . 0.38 pF 

Color TV Demodulator 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage (Each Plate) . 330 volts 

Peak Deflecting-Electrode Voltage (Each Electrode) : 

Negative value . 165 volts 

Positive value . 165 volts 

Grid-No.3 (Accelerating-Grid) Voltage . 330 volts 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Cathode Current . 33 mA 

Plate Dissipation (Each Plate) . 3 watts 

Grid-No.3 Input . 1 watt 

MAXIMUM CIRCUIT VALUES 

Grid-No.l Circuit Resistance: 

For flxed-bias operation . 0.1 megohm 

For cathode-bias operation . 0.25 megohm 


h,g 2 ,is 
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Class Ai Amplifier 

With both plates connected together and with both 
deflecting electrodes connected to cathode at socket 


CHARACTERISTICS 


Plate-No. 1 Supply Voltage ... 


250 


Plate-No.2 Supply Voltage . 


250 


Grid-No.3 Voltage ... 


250 




220 


Transconductance ... 


4400 

/i mhos 
mA 

Total Plate Current . 


14 

Grid-No.3 Current . 


1.5 

mA 

Grid-No.l Voltage (Approx.) for total plate current of 10 fiA . 


—13 

volts 


6JK6 Refer to chart at end of section. 

6JK8 Refer to chart at end of section. 


6JM6 


Refer to chart at end of section. 


6JM6A 

17JM6A BEAM POWER TUBE 

Duodecar types used as horizontal-amplifier tubes in 
color and black-and-white television receivers. Outlines 
section, 39A; requires duodecar 12-contact socket. Type 
17JM6A is identical with type 6JM6A except for heater 
ratings. 


6JM6A 


Heater Voltage (ac/dc) . 6.3 

Heater Current . 1.2 

Heater Warm-up Time (Average) . — 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct interelectrode Capacitances: 

Grid No.l to Plate . . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No. 2, and Grid No. 3 . 


NC NC 



12FJ 


17JM6A 


16.8 

volts 

0.45 

amperes 

11 

seconds 

±200 max 

volts 

100 max 

volts 

0.6 

PF 

16 

pF 

7 

PF 


Class Ai Amplifier 

Triode** 


CHARACTERISTICS 

Pentode Connection 

Connection 


Plate Voltage . 

5000 

55 

250 

150 

volts 

Grid-No.3 (Suppressor-Grid) . 

Connected to cathode at socket 


Grid-No.2 (Screen-Grid) Voltage . 

150 

150 

150 

150 

volts 

Grid-No.l (Control-Grid) Voltage .... 

— 

0 

—22.5 

—22.5 

volts 

Plate Resistance (Approx.) . 

— 

— 

15000 

— 

ohms 

Transconductance . 

— 

— 

7300 

— 

/xmhos 

Plate Current . 

— 

345* 

65 

— 

mA 

Grid-No.2 Current . 

— 

30* 

1.8 

— 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 1 /i A . 

—100 

_ 

—42 

_ 

volts 

Amplification Factor . 

— 

— 

~ 

4.4 


MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 




1 

megohm 


* This value can be measured by a method utilizing a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

♦* Grid No.2 tied to plate. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage . 

DC Grid-No.3 Voltage .. 


770 

volts 

6500 

volts 

1500 

volts 

70 

volts 
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DC Grid-No.2 Voltage . 

DC Grid-No. 1 Voltage, Negative-bias value 
Peak Negative-Pulse Grid-No.l Voltage . . . 

Average Cathode Current . 

Peak Cathode Current . 

Plate Dissipation## . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 



325 

220 

volts 

55 

volts 

330 

volts 

175 

mA 

550 

mA 

17.5 

watts 

3.5 

watts 

220 

°C 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
## A bias resistor or other means is required to protect the tube in absence of excitation. 


NC p 



12FK 


6JN6 

BEAM POWER TUBE 12JN6, 17JN6 

Duodecar type used as horizontal-amplifier tube in 
color and black-and-white television receivers. Outlines 
section, 15A; requires duodecar 12-contact socket. This 
type is electrically identical with type 6JM6 except 
that it has a slightly lower grid-No.l-to-plate capaci¬ 
tance. Types 12JN6 and 17JN6 are identical with type 
6JN6 except for heater ratings. 


6JN6 12JN6 


Heater Voltage (ac/dc) . 6.3 12.6 

Heater Current. 1.2 0.6 

Heater Warm-up Time (Average) . — 11 


Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . . . 


17JN6 

16.8 

0.45 

11 

0.34 

16 

7 


volts 

amperes 

seconds 


pF 

pF 

pF 


H 



MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6JN8 

19JN8/19CL8A 


Miniature type used as FM converter and rf amplifier 
in radio receivers. Outlines section, 6B; requires minia¬ 
ture 9-contact socket. Type 19JN8/19CL8A is identi¬ 
cal with type 6JN8 except for heater ratings. 


Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.45 

Heater Warm-up Time (Average) . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances :* 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield . 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, Grid No.3, 
and Internal Shield . 

* With external shield connected to cathode of unit under test. 


19JN8/ 

19CL8A 

18.9 

0.15 

volts 

ampere 

seconds 

±200 max 
100 max 

volts 

volts 

0.01 

PF 

5.5 

pF 

3.4 

pF 

1.7 

pF 

3.2 

pF 

2.2 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

Plate Voltage . 300 300 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . — 300 volts 

Grid-No.2 Voltage . — See curve page 300 
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Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No. 2 Input: 

For grid-No.2 voltages up to 150 volts. 

For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

Plate Voltage .. 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
10 nA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


0 

0 

volts 

2.5 

2.5 

watts 

__ 

0.55 

watt 


See curve page 

300 

125 

125 

volts 

— 

125 

volts 

—1 

46 

—1 

volt 

5400 

200000 

ohms 

8500 

7500 

/imhos 

13.5 

12 

mA 

— 

4 

mA 

—8 

—8 

volts 


2.2 

2.2 

megohms 

2.2 

2.2 

megohms 


6JQ6 

12JQ6, 17JQ6, 


BEAM POWER TUBE 
with integral diode 


Miniature type featuring integral diode, internally 
connected to grid No.3, used in feedback-stabilized 
vertical-deflection-amplifier applications in color and 
black-and-white television receivers. Outlines section, 
6G; requires miniature 9-contact socket. Types 12JQ6 
and 17JQ6 are identical with type 6JQ6 except for 
heater ratings. 


H 



6JQ6 12JQ6 

Heater Voltage (ac/dc) . 6.3 12.6 

Heater Current . 1.2 0.6 

Heater Warm-up Time (Average) .... — 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 


Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Diode Plate . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 
and Diode Plate . 


17JQ6 

17 

volts 

0.45 

amperes 

11 

seconds 

±200 max 

volts 

100 max 

volts 

0.32 

pF 

13 

pF 

6 

PF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 40 140 

Grid-No.3 (Suppressor-Grid) Voltage . 0 0 

Grid-No.2 (Screen-Grid) Voltage . 120 140 

Grid-No.l (Control-Grid) Voltage . 0 —18 

Triode Amplification Factor* . — 6.5 

Plate Resistance (Approx.) . — 10500 

Transconductance . — 4200 

Plate Current . 150# 35 

Grid-No.2 Current . 20# 2.5 

Grid-No.l Voltage for plate current of 1 mA . — —37 

Instantaneous Diode-Plate-to-Cathode Voltage Drop 

for Instantaneous Diode-Plate Current of 2 mA . . — 5 

Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 425 

Peak Positive-Pulse Plate Voltage 

(Absolute-Maximum Value)* . 2000 


DC Grid-No.3 and Diode-Plate Voltage 


volts 

volts 

volts 

volts 

ohms 

/unhos 

mA 

mA 

volts 

volts 


volts 

volts 

volts 
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DC Grid-No.2 Voltage . 330 volts 

Peak Negative-Pulse Grid-No.1 Voltage . 150 volts 

Average Cathode Current . 70 mA 

Peak Cathode Current . 250 mA 

Average Diode-Plate (and Grid-No.3) Current . 1 mA 

Plate Dissipation . 10 watts 

Grid-No.2 Input . 2 watts 

Bulb Temperature (At hottest point) . 240 °C 



MAXIMUM CIRCUIT VALUES 

Grid-No.l—Circuit Resistance: 

For grid-No.l-resistor-bias operation . 2.2 megohms 

For cathode-bias operation . 2.2 megohms 

• Grid No.3 and diode plate connected to cathode, and grid-No.2 connected to plate at 
socket. 

# This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

♦ Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 



6JR6 

BEAM POWER TUBE 17JR6 , 22JR6 , 33JR6 

Novar type used for horizontal-deflection amplifier 
service in low B-{-, black-and-white television receivers. 
Outlines section, 31D; requires novar 9-contact socket. 
Types 17JR6, 22JR6 and 33JR6 are identical with type 
6JR6 except for heater ratings. 


Heater Voltage (ac/dc) 

Heater Current . 

Heater Warm-up Time 

(Average) . 

Heater-Cathode Voltage: 

Peak value .i . . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 

and Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, 
and Grid No.3 . 


6JR6 

17JR6 

22JR6 

33JR6 


6.3 

16.8 

22 

33 

volts 

1.6 

0.6 

0.45 

0.3 

amperes 

— 

11 

11 

11 

seconds 

±200 max 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

100 max 

volts 


pF 

PF 

pF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage 

Peak Positive-Pulse Plate Voltage# 

Grid No.3 (Suppressor Grid) . 

Grid-No.2 (Screen-Grid) Voltage . . 125 

Grid-No.l (Control-Grid) Voltage . —20 

Plate Resistance (Approx.) : — 

Transconductance . — 


Pentode Connection 


— 50 130 

volts 

6500 — — 

Connected to cathode at socket 

volts 

125 125 125 

volts 

— 0 —20 

volts 

— — 18000 

ohms 

— — 7000 

ji mhos 


Triode* 
Connection 
125 
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Plate Current . 

— 

— 

470$ 

45 

mA 

Grid-No.2 Current .. 

— 

— 

32$ 

1.5 

mA 

Grid-No.l Voltage for plate 

current of 1 mA . 


—75 

—32 

volts 

Amplification Factor . 

4.7 

— 

— 

— 





Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Ratings) 


Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

Grid-No.3 Voltage* . 75 volts 

Grid-No.2 Voltage . 220 volts 

Grid-No. 1 Voltage, Negative-bias value . 55 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Peak Cathode Current . 950 mA 

Average Cathode Current . 275 mA 

Grid-No.2 Input . 3.5 watts 

Plate Dissipation* . 17 watts 

Bulb Temperature (At hottest point) . 240 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

Cathode bias (with min. Rk = 10012) . 1 megohm 

Grid-leak bias (with signal peak clamped to zero bias) . 10 megohms 

Fixed bias (where positive grid current is not drawn) . 0.47 megohm 


* Grid No. 2 connected to plate at socket. 

# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 
$ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

■ In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter¬ 
ference ; a typical value for this voltage is 30 volts. 

• A bias resistor or other means is required to protect the tube in absence of excitation. 


6JS6 

6JS6A 


Refer to chart at end of section. 


6JS6C beam power tube 

23JS6A, 31JS6C 

Duodecar types used as horizontal-deflection amplifiers 
in color and black-and-white television receivers. Out¬ 
lines section, 16B; requires duodecar 12-contact socket. 
Types 23JS6A and 31JS6A are identical with type 
6JS6C except for heater ratings. 



12FY 


6JS6C 23JS6A 31JS6A 

6.3 23.6 31.5 

2.25 0.6 0.45 

— 11 11 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Tme (Average) 


volts 

amperes 

seconds 
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Heater-Cathode Voltage: 


Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 
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±200 max 

volts 

100 max 

volts 

0.7 

pF 

24 

PF 

10 

pF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Triodett 

Connection 

125 

5000 

Pentode Connection 

60 175 

volts 

Grid No.3 (Suppressor Grid) . 


Connected to cathode at socket 


Grid-No.2 (Screen-Grid) Voltage .... 

125 

125 

125 

125 

volts 

Grid-No. 1 (Control-Grid) Voltage ... 

—25 

— 

0 

- 25 

volts 

Plate Resistance (Approx.) . 

— 

— 

— 

5500 

ohms 

Transconductance . 

— 

— 

— 

11500 

jumhos 

Plate Current . 

— 

— 

GOOf 

130 

mA 

Grid-No.2 Current . 

— 

— 

32f 

2.S 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 1 mA . 


—125 


—54 

volts 

Triode Amplification Factor . 

3 

— 

— 

— 



t This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded, 
ft Grid No.2 connected to plate. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 990 

Peak Positive-Pulse Plate Voltage# . 7500 

Peak Negative-Pulse Plate Voltage . 1200 

DC Grid-No.3 Voltage . 75 

DC Grid-No.2 Voltage . 220 

Peak Negative-Pulse Grid-No. 1 Voltage . 330 

Average Cathode Current . 350 

Peak Cathode Current . 1200 

Plate Dissipation** . 30 

Grid-No. 2 Input . 5.5 

Bulb Temperature (At hottest point) . 225 


volts 
volts 
volts 
volts 
volts 
volts 
m A 
m A 
watts 
watts 
°C 


MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance 

For grid bias feedback HV regulation 0.47 megohm 

For dc or pulse shunt HV regulation . 10 megohms 


# Pulse duration must not exceed 15'/ of one horizontal scanning cycle (10 microseconds). 
** A bias resistor or other means is required to protect the tube in absence of excitation 



Refer to chart at end of section, 


6JT6 
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6JT6A BEAM POWER TUBE 

12JT6A, 17JT6A 

Novar types used as horizontal-deflection amplifiers in 
high-efficiency deflection circuits of black-and-white 
television receivers employing wide-angle or high- 
voltage picture tubes. Outlines section, 31 A; requires novar 9-contact socket. 
Types 12JT6A and 17JT6A are identical with type 6JT6A except for heater 
ratings. 



Heater Voltage (ac/dc) . 


6JT6A 
. . . . 6.3 

12JT6A 

12.6 

17JT6A 

16.8 

volts 

Heater Current . 


_ 1.2 

0.6 

0.45 

amperes 

Heater Warm-up Time (Average) . 


— 

11 

11 

seconds 

Heater-Cathode Voltage: 

Peak value . 


±200 max ±200 max 

±200 max 

volts 

Average value . 


100 max 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 
Grid No.l to Plate . 




0.26 

pF 

Grid No.l to Cathode, Heater, 

Grid No.2, 

and Grid No.3 


15 

pF 

Plate to Cathode, Heater, Grid 

No.2, and 

Grid No.3 . . . 


6.5 

PF 

CHARACTERISTICS 

Plate Voltage . 

Class A x 

Amplifier 

Pentode 

Connection 

60 250 

Triode* 

Connection 

150 

volts 

Grid-No.3 (Suppressor Grid) . 



Connected to cathode 

at socket 

Grid-No.2 (Screen-Grid) Voltage , 


.... 150 

150 

150 

volts 

Grid-No.l (Control-Grid) Voltage 


0 

—22.5 

—22.5 

volts 

Triode Amplification Factor . 


.... — 

— 

4.4 


Plate Resistance (Approx.) . 


, . . , — 

15000 

— 

ohms 

Transconductance . 


.... — 

7100 

— 

//mhos 

Plate Current . 


.... 390* 

70 

— 

mA 

Grid-No.2 Current . 


_ 32* 

2.1 

— 

mA 

Grid-No.l Voltage (Approx.) for plate current of 

1 mA ... — 

—42 

_ 

volts 


* Grid No.2 connected to plate. 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No. 3 Voltage* . 70 volts 

DC Grid-No.2 Voltage . 220 volts 

DC Grid-No. 1 Voltage, Negative-bias value . 65 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 
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Peak Cathode Current . 550 mA 

Average Cathode Current . 175 mA 

Plate Dissipation! . 17.5 watts 

Grid-No.2 Input . 3.5 watts 

Bulb Temperature (At hottest point) . 240 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance, for grid-resistor-bias operation . 1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
A A positive voltage may be applied to grid No.3 to reduce interference from “snivets” which 
may occur in television receivers. A typical value for this voltage is 30 volts, 
f A bias resistor or other means is required to protect the tube in absence of excitation. 


HIGH-MU TRI00E— 
SHARP-CUTOFF PENTODE 


6JT8 


(?) ^-vG 3 p,Kp Neonoval type with frame-grid pentode unit used in 
,S c °l° r and black-and-white television receivers. The 
PT Qw. rfEx[V7) c, P triode unit is used as a voltage-amplifier or sync- 
, Vt u~ separator tube, and the pentode unit is used as a 
//® c video-amplified tube. Outlines section, 10A, except base 

-^0 p is small-button miniature 9-pin; requires miniature 9- 

Kt p p contact socket. Type 10JT8 is identical with type 

9DX 6JT8 except for heater ratings. 

6JT8 10JT8 

Heater Voltage (ac/dc) . 6.3 10.2 volts 

Heater Current . 0.725 0.45 ampere 

Heater Warm-up Time (Average) . — 11 seconds 

Heater-Cathode Voltage: ±200 max ±200 max volts 

Peak value . 100 max 100 max volts 

Average value . 

Class Ai Amplifier 


volts 

ampere 

seconds 

volts 

volts 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 

100 fiA . 

Grid-No.l Voltage (Approx.) for plate current of 

20 /iA . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


330 

330 


volts 

— 

330 


volts 

— 

See curve 

page 

300 

0 

0 


volts 

1 

4 


watts 

_ 

1.1 


watts 

— 

See curve 

page 

300 

250 

50 

200 

volts 

— 

100 

100 

volts 

—2 

0 

— 

volts 

— 

— 

82 

ohms 

100 

— 

— 


37000 

— 50000 

ohms 

2700 

— 20000 

fi mhos 

1.5 

55* 

17 

mA 

— 

18* 

3.5 

mA 

— 

— 

—5 

volts 

—5.3 

— 

— 

volts 


0.5 

0.25 

megohm 

1 

1 

megohm 


• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


H 



9QL 


6JU6 

BEAM POWER TUBE 22JU6 

Novar type used as horizontal-deflection amplifier in 
color television receivers. Outlines section, 18E or 18F; 
requires novar 9-contact socket. Type 22JU6 is iden¬ 
tical with type 6JU6 except for heater ratings. 
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6JU6 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 1.6 

Heater Warm-up Time. — 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 


22JU6 

20 

0.45 

11 

±200 max 
100 max 

1.2 

22 

9 


volts 

amperes 

seconds 

volts 

volts 

PF 

PF 

PF 


Class Ax Amplifier 


CHARACTERISTICS 

Connection 

Pentode Connection 


Plate Voltage . 

125 

_ 

50 

130 

volts 

Peak Positive-Pulse Plate Voltage# . . 

— 

6500 



volts 

Grid No.3 (Suppressor Grid) . 


Connected 

to cathode at socket 

Grid-No.2 (Screen-Grid) Voltage . . . 

125 

125 

125 

125 

volts 

Grid-No.l (ControbGrid) Voltage . . 

—20 

_ 

0 

—20 

volts 

Amplification Factor . 

4.7 

_ 



Plate Resistance (Approx.) . 

— 

— 

_ 

18000 

ohms 

Transconductance . 

— 

— 

_ 

7000 

/imhos 

Plate Current .. 

— 

_ 

470ff 

45 

mA 

Grid-No.2 Current . 

— 

— 

32ft 

1.5 

mA 

Grid-No.l Voltage for plate current 
of 1 mA . 

_ 

—75 

—32 

volts 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive—Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

DC Grid-No.3 Voltage* . 75 volts 

DC Grid-No.2 Voltage . 220 volts 

DC Grid-No.l Voltage, Negative-bias value . 55 volts 

Peak Negative Pulse Grid-No.l Voltage . 330 volts 

Peak Cathode Current . 950 mA 

Average Cathode Current . 275 mA 

Grid-No.2 Input . 3.5 watts 

Plate Dissipation* ■ 17 watts 

Bulb Temperature (At hottest point) . 240 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For grid-resistor-bias operation . 0.47 megohm 

For plate-pulsed operation . 10 megohms 


# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds), 
f Grid No. 2 connected to plate. 

ft This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

■ In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter¬ 
ference ; a typical value for this voltage is 30 volts. 

■■A bias resistor or other means is required to protect the tube in absence of excitation. 


































Technical Data 


333 


Refer to chart at end of section. 6JU8 


QUADRUPLE DIODE 6JU8A 

8JU8A 

Miniature type used in phase-detector and noise-im¬ 
mune color-killer circuits of color television receivers, 
and in bridge-matrixing circuits in FM stereo multiplex 
equipment. Outlines section, 6B; requires miniature 9- 
contact socket. Units 1 and 2 are shielded from units 
3 and 4 to minimize coupling between the series- 
connected pairs of diodes. Type 8JU8A is identical with type 6JU6A ex¬ 
cept for heater ratings. 



6JU8A 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.6 

Heater Warm-up Time . — 

Peak Heater-Cathode Voltage . ±300 max 


Direct Interelectrode Capacitances (Approx.) : 

Plate of Unit No.l and Cathode of Unit No.2 to Cathode of 

Unit No.l . 

Plate of Unit No.l and Cathode of Unit No.2 to Plate of 

Unit No.2 . 

Plate of Unit No.2 to Heater and Internal Shield . 

Plate of Unit No.3 and Cathode of Unit No.4 to Cathode of 

Unit No.3 . 

Plate of Unit No.3 and Cathode of Unit No.4 to Plate of 

Unit No.4 . 

Plate of Unit No.4 to Heater and Internal Shield . 

Cathode of Unit No.l to Heater and Internal Shield . 

Cathode of Unit No.3 to Heater and Internal Shield . 

MAXIMUM RATINGS (Design-Center Values, Each Diode Unit) 

Peak Inverse Plate Voltage . 

Peak Plate Current . 

Average Output Current . 

CHARACTERISTIC, Instantaneous Value (Each Unit) 

Plate Current for plate voltage of 10 volts . 


8JU8A 

8.4 

0.45 

11 

±300 max 


2.2 

0.62 


2.2 

0.94 

1.8 

1.9 


300 

54 

9 


60 


volts 

ampere 

seconds 

volts 


pF 

pF 

pF 

pF 

PF 

pF 

pF 

pF 


volts 

mA 

mA 


mA 



9DX 


HIGH-MU TRIODE— 6JV8 

SHARP-CUTOFF PENTODE wvs 

Miniature type used in television receiver applications, 
particularly those having low-voltage “B” supplies. 
The triode unit is used in sound-if, keyed-age, sync- 
separator, sync-amplifier, and noise-suppression cir¬ 
cuits. The pentode unit is especially useful as a video 
amplifier tube. Outlines section, 6E; requires minia¬ 
ture 9-contact socket. Type 8JV8 is identical with type 
6JV8 except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 
Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 
Internal Shield . 


6JV8 

8JV8 


6.3 

8.5 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 


2.2 

PF 


3 

PF 


2 

PF 

and 

0.08 max 

PF 

. 

8 

PF 
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Plate to Cathode, Heater, Grid 
Interna] Shield . 

No.2, 

, Grid No.3, 

and 


3.2 

pF 

Pentode Grid No.l to Triode Plate . 




0.012 max 

pF 

Pentode Plate to Triode Plate . 





0.24 max 

PF 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 

Pentode Unit 


Plate Voltage . 




330 

330 

volts 

Grid-No.2 (Screen-Grid) Voltage 




— 

330 

volts 

Grid-No.l (Control-Grid) Voltage: 
Positive-bias value . 




0 

0 

volts 

Negative-bias value . 




50 

50 

volts 

Plate Dissipation . 




1.1 

4 

watts 

Grid-No.2 Input . 




— 

1.7 

watts 

CHARACTERISTIC 

Plate Voltage . 


Triode Unit 
200 

60 

Pentode 

125 

Unit 

200 

volts 

Grid-No.2 Voltage . 


— 

200 

125 

200 

volts 

Grid-No.l Voltage . 


—2 

0 

—1 

—2.9 

volts 

Amplification Factor . 


70 

— 

— 

— 


Plate Resistance (Approx.) . 


0.0175 

— 

0.1 

0.15 

megohm 

Transconductance . 


4000 

— 

11500 

10700 

/xmhos 

Plate Current . 


4 

51* 

22 

22 

mA 

Grid-No.2 Current . 


— 

14* 

4 

4 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 20 /tA . 

—5 

_ 

—5.5 

—9 

volts 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Current Resistance: 

For fixed-bias operation .... 




0.5 

0.25 

megohm 

For cathode-bias operation 




1 

1 

megohm 


• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 



6JW8/ 

ECF802 


5JW8 

6LX8/LCF802 

9JW8/PCF802 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


Miniature type used as horizontal-oscillator and fre¬ 
quency-control tube in color and black-and-white tele¬ 
vision receivers. Outlines section, 6B; requires minia¬ 
ture 9-contact socket. Types 5JW8, 6LX8/LCF802 and 
9JW8/PCF802 are identical with type 6JW8/ECF802 
except for heater ratings. 



5JW8 

6JW8/ 

ECF802 

6LX8/ 

LCF802 

Heater Voltage (ac/dc) . . 

4.7 

6.3 

6 

Heater Current . 

0.6 

0.43 

0.45 

Heater Warm-up Time 
(Average) . 

11 

Heater-Cathode Voltage: 
Peak value . 

±200 max 

±200 max 

±200 max 

Average value . 

100 max 

100 max 

100 max 






1 

^Gt 

9AE 


9JW8/ 

PCF802 

9 

0.3 

volts 

ampere 

— 

seconds 

±200 max 
100 max 

volts 

volts 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Peak Cathode Current* . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

Input Impedance at 60 Hz. 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 

Mu Factor, Grid-No. 1 to Grid-No.2 . 

Amplification Factor . 

Input Resistance . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Plate Current: 

For grid-No.l voltage of 0 volts . 

For grid current of 10 /zA . 

Grid-No.2 Current for grid-No.l voltage of 0 volts .. 
Grid-No.l Voltage: 

For grid-No.l current of H-0.3 fiA . 

For plate and grid-No.2 voltage of 200 volts 
and plate current of 10 /zA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


550 

550 

volts 

250 

250 

volts 

— 

550 

volts 

— 

250 

volts 

— 

60 

mA 

10 

15 

mA 

1.4 

1.2 

watts 

_ 

0.8 

watts 

50 

300 

kohms 

200 

100 

volts 

_ 

100 

volts 

—2 

—1 

volts 

— 

47 


70 

— 


0.2 

0.4 

megohm 

3500 

5500 

/tmhos 

3.5 

6 

mA 


1.7 

mA 

_ 

12.5 

mA 

10 

— 

mA 

— 

3.5 

mA 

—1.3 

—1.3 

volts 

_ 

—16 

volts 


- 0.56 megohm 

3 1 megohms 


• With a maximum duty factor of 0.30 and maximum pulse duration of 30 microseconds. 


Refer to chart at end of section. 


6JZ6 



12DZ 

heater ratings. 


MEDIUM-MU TRIODE— 
POWER PENTODE 


6JZ8 

13JZ8, 17JZ8, 24JZ8, 
25JZ8 


Duodecar type used in combined vertical-deflection-os¬ 
cillator and vertical-deflection-amplifier applications in 
television receivers. Outlines section, 8C; requires duo¬ 
decar 12-contact socket. Types 13JZ8, 17JZ8, 24JZ8, 
and 25JZ8 are identical with type 6JZ8 except for 



6JZ8 

13JZ8 

17JZ8 

24JZ8 

25JZ8 


Heater Voltage (ac/dc) 

6.3 

12.7 

16.8 

24.2 

25.2 

volts 

Heater Current . 

1.2 

0.6 

0.45 

0.315 

0.3 

amperes 

Heater Warm-up Time . 

— 

11 

11 

11 

—■ 

seconds 

Heater-Cathode Voltage: 







Peak value . 

±200 max ±200 max 

±200 max 

±200 max 

±200 max 

volts 

Average value . 

100 max 100 max 

100 max 

100 max 

100 max 

volts 



Class A, Amplifier 




CHARACTERISTICS 



Triode Unit Beam Power Unit 


Plate Voltage . 



150 

45 

120 

volts 

Grid-No.2 (Screen-Grid) 

Voltage 


— 

110 

110 

volts 

Grid-No.l (Control-Grid) 

Voltage 


—5 

0 

—8 

volts 

Amplification Factor 



20 

— 

— 


Plate Resistance (Approx.) . 


8500 

— 

11700 

ohms 

Transconductance . 



2350 


7100 

/zmhos 

Plate Current . 



5.5 

122- 

46 

mA 

Grid-No.2 Current . .. . 



— 

16.5* 

3.5 

mA 

Grid-No.l Voltage (Approx.) for 

plate current 





of 10 /zA . 



—10 

— 

— 

volts 
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Grid-No.l Voltage (Approx.) for plate current 

of 100 juA . — — —25 volts 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


Triode Beam Power 
Unit Unit 

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier 

DC Plate Voltage . 250 250 

Peak Positive-Pulse Plate Voltage# . — 2000 

DC Grid-No.2 Voltage . — 200 

Peak Negative-Pulse Grid-No.l Voltage . 400 150 

Peak Cathode Current . 70 245 

Average Cathode Current . 20 70 

Plate Dissipation* . 1 7 

Grid-No.2 Input . — 1.8 


volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 1 1 megohm 

For cathode-bias operation . 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

* A bias resistor or other means is required to protect the tube in absence of excitation. 


6K5GT 


Refer to chart at end of section. 


6K6GT POWER PENTODE 

Glass octal type used in output stage of radio re¬ 
ceivers and, triode-connected, as a vertical-deflection 
amplifier in television receivers. This type may be sup¬ 
plied with pin No.l omitted. Outlines section, 13D; re¬ 
quires octal socket. This tube, like other power-han¬ 
dling tubes, should be adequately ventilated. 


Heater Voltage (ac/dc) .. 6.3 volts 

Heater Current . 0.4 ampere 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 0.5 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 5.5 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 6 pF 



Class A x Amplifier 


MAXIMUM RATING (Design-Center Values) 



315 


Grid-No.2 (Screen-Grid) Voltage . 



285 

volts 

Plate Dissipation . 



8.5 

watts 

Grid-No.2 Input .. 



2.8 

watts 

TYPICAL OPERATION 

Plate Voltage . 

100 

250 

315 

volts 

Grid-No.2 Voltage . 

100 

250 

250 

volts 

Grid-No.l (Control-Grid) Voltage . 

—7 

—18 

—21 

volts 

Peak AF Grid-No.l Voltage . 

7 

18 

21 

volts 

Zero-Signal Plate Current . 

9 

32 

25.5 

mA 

Maximum-Signal Plate Current . 

9.5 

33 

28 

mA 

Zero-Signal Grid-No.2 Current . 

1.6 

5.5 

4.0 

mA 

Maximum-Signal Grid-No.2 Current . 

3 

10 

9 

mA 

Plate Resistance (Approx.) . 

104000 

90000 

110000 

ohms 

Transconductance . 

1500 

2300 

2100 

fim hos 

Load Resistance . 

12000 

7600 

9000 

ohms 

Total Harmonic Distortion . 

11 

11 

15 

per cent 

Maximum-Signal Power Output . 

0.35 

3.4 

4.5 

watts 
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TYPICAL PUSH-PULL OPERATION (Values are for two tubes) Fixed Cathode 


Bias Bias 

Plate Supply Voltage . 285 285 

Grid-No.2 Supply Voltage . 285 285 

Grid-No. 1 Voltage . —25.5 — 

Cathode-Bias Resistor . — 400 

Peak AF Grid-No.l-to-Grid-No.l Voltage . 51 51 

Zero-Signal Plate Current . 55 55 

Maximum-Signal Plate Current . 72 61 

Zero-Signal Grid-No.2 Current . 9 9 

Maximum-Signal Grid-No.2 Current . 17 13 

Effective Load Resistance (Plate-to-plate) . 12000 12000 

Total Harmonic Distortion . 6 4 

Maximum-Signal Power Output . 10.5 9.8 

CHARACTERISTICS (Triode Connection)* 

Plate Voltage . 250 

Grid-No.l Voltage . —18 

Plate Current . 37.5 

Transconductance . 2700 

Amplification Factor . 6.8 

Plate Resistance (Approx.) . 2500 

Grid-No.l Voltage (Approx.) for plate current of 0.5 mA . -—48 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


* Grid-No.2 connected to plate. 


volts 
volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
per cent 
watts 


volts 

volts 

mA 

/imhos 

ohms 

volts 


megohm 

megohm 


Vertical Deflection Amplifier (Triode Connection)* 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS 

DC Plate Voltage . 315 volts 

Peak Positive-Pulse Plate Voltage# (Absolute maximum) . 1200° volts 

Peak Negative-Pulse Grid-No.l Voltage . 250 volts 

Peak Cathode Current . 75 mA 

Average Cathode Current . 25 mA 

Plate Dissipation . 7 watts 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance, for cathode-bias operation . 2.2 megohms 


* Grid No.2 connected to plate. 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
° Under no circumstances should this absolute value be exceeded. 


6K7 

Refer to chart at end of section. 6K7G 

6K7GT 


6K8 

Refer to chart at end of section. 6K8G 

6K8GT 


Refer to chart at end of section. 


6K11 

6K11/6Q11 
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6KA8 HIGH-MU TRIODE— 

*KA8 SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receivers. The triode unit is used in sync-sepa¬ 
rator circuits; the pentode unit has two independent 
control grids and is used in gated-agc-amplifier and 
noise-inverter circuits. Outlines section, 6E; requires 
miniature 9-contact socket. For curves of average 9PV 

plate characteristics for triode unit, refer to type 6AW8A. Type 8KA8 is 
identical with type 6KA8 except for heater ratings. 



6KA8 8KA8 

Heater Voltage (ac/dc) . 6.3 8.4 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 2.2 

Grid to Cathode, Heater, and Internal Shield . 2.8 

Plate to Cathode, Heater, and Internal Shield . . 2.2 

Pentode Unit: 

Grid No.l to Plate . 0.1 max 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 9.5 

Grid No.l to Grid No.3 . 0.5 

Grid No.3 to Plate . 2.2 

Grid No.3 to All Other Electrodes, Heater, and Internal Shield 7 


volts 

ampere 

seconds 

volts 
* volts 


pF 

pF 

pF 

pF 


pF 

pF 

pF 

PF 


Class A x Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 

Plate Voltage . 300 volts 

Grid Voltage: 

Positive-bias value . 0 volts 

Negative-bias value . 50 volts 

Plate Dissipation . 1.1 watts 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.3 Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance, Grid No.l to Plate . 

Transconductance, Grid No.3 to Plate . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Supply Voltage (Approx.) : 

For plate current of 10 fx A . 

For plate current of 20 fiA .. 

Grid No.3 Supply Voltage (Approx.) for plate current 
of 20 jiA . 


Triode Unit 

Pentode Unit 


200 

150 

volts 

— 

0 

volts 

— 

100 

volts 

—2 

0 

volts 

— 

180 

ohms 

70 

— 


17500 

100000 

ohms 

4000 

4400 

/zmhos 

— 

600 

/imhos 

4 

4 

mA 

— 

2.8 

mA 

—5 

_ 

volts 

— 

—4 

volts 

— 

—7 

volts 


MAXIMUM CIRCUIT VALUES Triode Unit 

Grid-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 1 megohm 


Gated AGO Amplifier and Noise Inverter 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Grid-No.3 (Control-Grid) Voltage: 

Positive-bias value . 

Negative-bias value . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage .. 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 

Negative-bias value . 


Pentode Unit 


300 

volts 

600 

volts 

0 

volts 

—100 

volts 

300 

volts 

See 

curve page 300 

0 

volts 

—50 

volts 
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Plate Dissipation . 2 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 1.1 watts 

For grid-No.2 voltages between 150 and 300 volts . See curve page 300 

MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance . 0.68 megohm 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.5 megohm 

For cathode-bias operation . 1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 





BEAM POWER TUBE 6KD6 

30KD6, 36KD6/40KD6 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16C; requires 
duodecar 12-contact socket. Types 30KD6 and 36KD6/ 
40KD6 are identical with type 6KD6 except for heater 
ratings. 



6KD6 

30KD6 

36KD6/40KD6 


Heater Voltage . 

6.3 

30 

36 

volts 

Heater Current . 

2.85 

0.6 

0.45 

amperes 

Heater Warm-up Time . 

. . . — 

11 

11 

seconds 

Heater-Cathode Voltage: 





Peak value . 

±200 max 

±200 max 

±200 max 

volts 

Average value . 

100 max 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 





Grid No.l to Plate . 



0.8 

pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 

40 

PF 

Plate to Cathode, Heater, Grid 

No.2, and Grid No. 

3. 

16 

pF 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 990 volts 

Peak Positive-Pulse Plate Voltage# . 7000 volts 

Positive DC Grid-No. 3 Voltage . 20 volts 

Grid-No.2 Vcltage . 200 volts 

Peak Negative-Pulse Grid-No.l Voltage . 250 volts 

Peak Cathode Current . 1400 mA 

Average Cathode Current . 400 mA 

Plate Dissipation* . 33 watts 

Grid-No.2 Input . 5 watts 

Bulb Temperature (At hottest point) . 225 °C 


CHARACTERISTICS 

Plate Voltage . 

Grid No.3 (Suppressor Grid) 


Class Ai Amplifier 



Triodet 

Pentode 


Connection 

Connection 


. 150 

60 150 

volts 


at socket 
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Grid-No.2 (Screen-Grid) Voltage . 

150 

110 

110 

volts 

Grid-No.l (Control-Grid) Voltage . 

—22.5 

0 

—22.5 

volts 

Amplification Factor . 

4 

— 

.— 


Plate Resistance (Approx.) . 

— 

— 

6000 

ohms 

Transconductance . 

— 

— 

14000 

/imhos 

Plate Current . 

— 

750-■ 

120 

mA 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 

— 

42-- 

1.8 

mA 

of 1.0 nA . 

MAXIMUM CIRCUIT VALUE 



—40 

volts 

Grid-No.l-Circuit Resistance . 



2.2 

megohms 

Grid-No.3-Circuit Resistance . 



0.01 

megohm 

■ A bias resistor or other means is required to 

protect the 

tube in 

absence of 

excitation. 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
tGrid-No.2 connected to plate at socket. 

■ ■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


6KD8 


For replacement use type 6U8A/6KD8. 


6KE8 MEDIUM-MU TRIODE— 

4KE8, 5KE8 SHARP-CUTOFF PENTODE 

Miniature type with frame-grid pentode unit used as 
combined oscillator-mixer tube in television receivers 
using an intermediate frequency in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-con¬ 
tact socket. Types 4KE8 and 5KE8 are identical with 
type 6KE8 except for heater ratings. 



9DC 


4KE8 

4.5 

0.6 

11 


5KE8 

5.6 

0.45 

11 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 

Direct Interelectrode Capacitances :f 
Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Heater to Triode Cathode and Pentode Cathode . 


6KE8 

6.3 

0.4 

volts 

ampere 

seconds 

±200 max 
100 max 

volts 

volts 

1.3 

pF 

2.4 

pF 

2 

PF 

0.015 max 

pF 

5 

PF 

3.4 

5.5- 

pF 

pF 


f With external shield connected to cathode of unit under test, except as noted. 
* With external shield connected to ground. 


Class A l Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Triode Unit 

Pentode Unit 


Plate Voltage . 

280 


280 

volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 

— 


280 

volts 

Grid-No.2 Voltage . 

— 

See 

curve page 300 


Grid-No.l (Control-Grid) Voltage, Positive-bias value 

0 


0 

volts 

Cathode Current . 

20 


20 

mA 

Plate Dissipation . 

2 


2 

watts 

Grid-No.2 Input: 





For grid-No.2 voltages up to 140 volts . 

— 


0.5 

watt 

For grid-No.2 voltages between 140 and 280 volts 

— 

See 

curve page 300 


CHARACTERISTICS 





Plate Supply Voltage . 

125 


125 

volts 

Grid-No.2 Supply Voltage . 

— 


125 

volts 

Grid-No.l Supply Voltage . 

0 


0 

volts 

Cathode-Bias Resistor . 

68 


33 

ohms 

Amplification Factor . 

40 


— 


Plate Resistance (Approx.) .. 

5000 


125000 

ohms 

Transconductance . 

8000 


12000 

/imhos 
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Plate Current . 

. 13 

10 

mA 

Grid-No.2 Current . 

— 

2.8 

mA 

Grid-No.l Voltage (Approx.) : 




For plate current of 100 /iA . 

. 5 

— 

volts 

For plate current of 50 fiA . 

. — 

—3 

volts 

MAXIMUM CIRCUIT VALUES 




Grid-No.l-Circuit Resistance: 




For fixed-bias operation . 

. 0.5 

0.25 

megohm 

For cathode-bias operation . 

. 1 

0.5 

megohm 




POWER PENTODE 


6KG6A/ 

EL509 

40KG6A/PL509 


Magnoval type used as a horizontal-deflection ampli¬ 
fier in color television receivers. Outlines section, 38A; 
requires 9-contact magnoval socket. Type 40KG6A/ 
PL509 is identical with type 6KG6A/EL509 except for 
heater ratings. 


6KG6A/ 40KG6A/ 


EL509 PL509 

Heater Voltage (ac/dc) . 6.3 40 

Heater Current . 2 0.3 

Peak Heater-Cathode Voltage . 250 

Direct Interelectrode Capacitances : 

Plate to Grid-No.l . 2.5 

Grid-No.l to Heater . 0.2 

Class Ai Amplifier 

CHARACTERISTICS 

Plate Voltage . 45 160 

Grid-No.3 Voltage# . 0 0 

Grid-No.2 Voltage . 160 160 

Grid-No.l Voltage . 0 0 

Plate Current* . 1000 (min.) 1400 

Grid-No.2 Current" . — 45 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Supply Voltage . 700 

Peak Positive-Pulse Plate Voltage* . 7000 

Grid-No.2 Voltage (zero-current) . 700 

Grid-No.2 Voltage . 250 

Plate Dissipation (Absolute-Maximum Value) . 34 

Grid-No.2 Input . 7 

Cathode Current . 500 


volts 

amperes 

volts 


PF 

pF 


volts 

volts 

volts 

volts 

mA 

mA 


volts 

volts 

volts 

volts 

watts 

watts 

mA 
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MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 2.2 megohms 

| In horizontal-deflection service, 15 volts may be applied to grid-No.3 to minimize snivets. 

* These values can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

* Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


6KL8 


Refer to chart at end of section. 


6KM6 

22KM6 


BEAM POWER TUBE 


Novar type used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Outlines 
section, 18A; requires novar 9-contact socket. Type 
22KM6 is identical with type 6KM6 except for heater 
ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 
Grid No.l to Plate . 


Plate to Cathode, Heater, Grid No.2, and Grid No.3 


6KM6 

22KM6 


6.3 

22 

volts 

1.6 

0.45 

amperes 

— 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 


1.2 

pF 

1 . 

22 

PF 


9 

PF 


Class A x Amplifier 


CHARACTERISTICS 

Plate Voltage ... 

Peak Positive-Pulse Plate Voltage** 
Grid-No.3 (Suppressed-Grid) Voltage . 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage .... 

Amplification Factorf . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage for plate current 
of 1 mA . 


Triode 

Connection Pentode Connection 


140 

— 

60 

140 

— 

6500 

— 

— 

0 

30 

30 

30 

140 

140 

140 

140 

—24.5 

A 

— 

0 

—24.5 

4 

__ 

_ 

6000 

— 

— 

— 

9500 

— 

— 

560ft 

80 

— 

— 

31ft 

2.4 

— 

—110 

— 

—42 


volts 

volts 

volts 

volts 

volts 

ohms 

/imhos 

mA 

mA 

volts 
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Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage . 

DC Grid-No.3 Voltage- . 

DC Grid-No.2 Voltage . . 

Peak Negative-Pulse Grid-No.l Voltage. 

Peak Cathode Current . 

Average Cathode Current . 

Grid-No.2 Input . 

Plate Dissipation-■ . 

Bulb Temperature (At hottest point) .. 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For grid-resistor-bias operation . 

For plate-pulsed operation . 


770 

volts 

6500 

volts 

1500 

volts 

75 

volts 

220 

volts 

330 

volts 

950 

mA 

275 

mA 

3.5 

watts 

20 

watts 

240 

°C 


0.47 

megohm 

10 

megohms 


# Pulse duration must not exceed 15 r /o of a horizontal scanning cycle (10 microseconds), 
f With grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket, 
ft This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

- In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter¬ 
ference ; a typical value for this voltage is 30 volts. 

■■A bias resistor or other moans is required to protect the tube in absence of excitation. 



9QG 


DIODE—SHARP-CUTOFF 
THREE-PLATE TETRODE 


6KM8 


Miniature type used in frequency-divider and complex- 
wave generator circuits of electronic musical instru¬ 
ments. In such circuits the tetrode unit can provide 
three independent output-signal voltages; the diode 
unit can be used as a key in a vibrato circuit. Outlines 
section, 6E; requires miniature 9-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Tetrode Unit: 

Grid No.l to Plate No.lA . 

Grid No.l to Plate No.lB . 

Grid No.l to Plate No.2 . 

Grid No.l to Cathode, Heater, Grid No.2, and Internal Shield . 
Plate No.lA to Cathode, Heater, Grid No.2, and Internal Shield 
Plate No.lB to Cathode, Heater, Grid No.2, and Internal Shield 
Plate No.2 to Cathode, Heater, Grid No.2, and Internal Shield 

Tetrode Grid No.l to Diode Plate . 

Tetrode Plate No.lA to Diode Plate . 

Tetrode Plate No.lB to Diode Plate . 

Tetrode Plate No.2 to Diode Plate . 


6.3 

volts 

0.3 

ampere 

±200 max 

volts 

100 max 

volts 

0.02 max 

pF 

0.02 max 

pF 

0.06 max 

pF 

5.5 

pF 

1.2 

pF 

1.3 

pF 

1.8 

pF 

0.024 max 

pF 

0.18 

pF 

0.024 

pF 

0.013 

pF 


Tetrode Unit as Class Ai Amplifier 

Plates No. 1A, IB, and 2 connected together 


CHARACTERISTICS 

Plate Voltage . 100 volts 

Grid-No.2 Voltage . 100 volts 

Grid-No.l Supply Voltage . 0 volts 

Grid-No.l Resistor (Bypassed) . 2.2 megohms 

Plate Resistance (Approx.) . 30000 ohms 

Transconductance . 3400 /imhos 

Plate Current . 4.2 mA 

Grid-No.2 Current . 1.7 mA 

Grid-No.l Voltage (Approx.) for plate current of 20 jiA . —4 volts 
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Triode Connection—Plates No.lA, IB, and 2 connected to grid No.2 


Plate Voltage . 100 

Grid-No. 1 Supply Voltage . 0 

Grid-No. 1 Resistor (Bypassed) . 2.2 

Transconductance . 4500 

Amplification Factor . 45 

Plate Current . 5.5 


volts 

volts 

megohms 

/imhos 

mA 


Separate-plate operation; plates not under test grounded 


Plate 

1A 

IB 

2 

Plate Voltage . 

. 100 

100 

100 

Grid-No.2 Voltage . 

. 100 

100 

100 

Grid-No.l Supply Voltage . 

. 0 

0 

0 

Grid-No.l Resistor (Bypassed) . 

. 2.2 

2.2 

2.2 

Transconductance . 

. 2000 

2000 

1800 

Plate Resistance (Approx.) . 

. 0.1 

0.1 

0.12 

Plate Current . 

. 2.3 

2.3 

2.1 

Grid-No.2 Current . . 

. 3.8 

3.8 

3.3 


volts 
volts 
volts 
megohms 
fi mhos 
megohm 
mA 
mA 


Tetrode Unit as Frequency Divider and Complex-Wave Generator 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage (Each plate) . 330 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 0 volts 

Negative-bias value . 50 volts 

Plate Dissipation (Each plate) . 1 watt 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.65 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance, for grid-No. 1-resistor-bias operation 2.2 megohms 

Diode Unit 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Current . 1 mA 

CHARACTERISTICS, Instantaneous Value 

Tube Voltage Drop for plate current of 2 mA . 10 volts 



6KN6 

42KN6 


BEAM PENTODE 


Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out¬ 
lines section, 39B; requires duodecar 12-contact socket. 
Type 42KN6 is identical with type 6KN6 except for 
heater ratings. 
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6KN6 

42KN6 


Heater Arrangement . 

. Parallel 

Series 


Heater Voltage . 

. 6.3 

42 

volts 

Heater Current . 

. 3 

0.45 

ampere 

Heater Warm-up Time . 

— 

11 

seconds 

Heater-Cathode Voltage: 




Peak value . 

. “ +_ 200 max 

±200 max 

volts 

Average value . 

. 100 max 

100 max 

volts 


Class Ai Amplifier 


Triode* 


CHARACTERISTICS 

Connection 

Pentode 

Connection 


Plate Voltage . 

130 

5500 

60 

130 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

130 

125 

125 

130 

volts 

Grid-No.l (Control-Grid) Voltage 

—20 

— 

0 

—20 

volts 

Plate Resistance . 

— 

— 

— 

4000 

ohms 

Transconductance . 

— 

—- 

— 

16000 

/imhos 

Plate Current . 

— 

— 

800* 

100 

mA 

Grid-No.2 Current . . 

Grid-No.l Voltage (Approx.) for 

— 

— 

50* 

4 

mA 

plate current of 1 mA . 

Grid-No.l Voltage (Approx.) for 

— 

— 

— 

—33 

volte 

plate current of 75 ii A . 

— 

100 

— 

— 

volte 

Amplification Factor . 

4.5 

— 

— 

— 


* This value can be measured by 
maximum ratings of the tube will 

a method involving 
not be exceeded. 

a recurrent 

waveform such 

that the 


* Grid No.2 connected to plate. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 770 volts 

Peak Positive-Pulse Plate Voltage# . 6500 volts 

Peak Negative-Pulse Plate Voltage . 1500 volts 

Grid-No.2 Voltage . 220 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Average Cathode Current . 400 mA 

Peak Cathode Current . 1500 mA 

Plate Dissipation* . 30 watts 

Grid-No.2 Input . 5 watts 

Bulb Temperature (At hottest point) . 260 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 1 megohm 


# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 

• A bias resistor or other means is required to protect the tube in absence of excitation. 


Refer to chart at end of section. 


6KN8/6RHH8 
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MEDIUM-MU TRIODE— 6KR8 

SHARP-CUTOFF PENTODE 10KR8 

Miniature type used in television receiver applications. 
The triode unit is used as a general-purpose amplifier; 
the pentode unit is used as a video amplifier. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
10KR8 is identical with type 6KR8 except for heater 
ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6KR8 

10KR8 


6.3 

10.5 

volts 

0.75 

0.45 

ampere 

— 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 
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Class A, Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage ... 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation ... 

Grid-No.2 Input: 

For voltages up to 165 volts . 

For voltages between 165 and 330 volts . 


CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Amplification Factor .. 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 

of 10 fiA . 

Grid-No.l Voltage (Approx.) for plate current 
of 100 /xA . 


Triode Unit 

Pentode Unit 



— 

330 

volts 


330 

— See 

330 

curve page 300 

volts 


0 

0 

volts 


2 

5 

watts 


—- See 

1.1 

curve page 300 

watts 

Triode Unit 

Pentode Unit 


125 

35 

200 

volts 

— 

100 

100 

volts 

— 

0 

— 

volts 

68 

— 

82 

ohms 

46 

— 

— 


4400 

— 

60000 

ohms 

10400 

— 

20000 

^timhos 

15 

54 

19.5 

mA 

— 

13.5 

3 

mA 

—8 

— 

— 

volts 

— 

— 

—6.3 

volts 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation . 0.5 0.5 megohm 

For cathode-bias operation . 1 1 megohm 


6KS6 For replacement use type 6BN6/6KS6. 


6KT6 

3KT6, 4KT6 


SEMIREMOTE-CUTOFF 

PENTODE 


Miniature type with frame grid used as if-amplifier tube 
in television receivers utilizing an intermediate fre¬ 
quency in the order of 40 MHz. Outlines section, 6B; 
requires miniature 9-contact socket. Types 3KT6 and 
4KT6 are identical with type 6KT6 except for heater 
ratings. 



3KT6 4KT6 6KT6 

Heater Voltage (ac/dc) . 3.5 4.5 6.3 volts 

Heater Current . 0.6 0.45 0.3 ampere 

Heater Warm-up Time (Average) . 11 11 — seconds 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max ±200 max volts 

Average value . 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.019 max pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 9.5 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 3 pF 


Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No.l (Control-Grid) Voltage . 0 volts 

Plate Dissipation . 3.1 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 0.6 watt 

For grid-No.2 voltages between 165 and 330 volts . See curve page 300 
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CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.3 Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistor . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No. 1 Voltage (Approx.) for transconductance 
of 10 /imhos . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 
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125 

170 

volts 

0 

0 

volts 

125 

170 

volts 

56 

56 

ohms 

160000 

— 

ohms 

18000 

— 

/imhos 

17 

— 

mA 

4.2 

— 

mA 

— 

—22 

volts 



0.25 

megohm 

— 

1 

megohm 


CSJ 

O 

» 

CM 

d 


O QL 
(XL 2 
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< 
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HIGH-MU TRIODE— 

SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The pentode unit is used 
as an if-amplifier tube, and the triode unit as a sync- 
separator or voltage-amplifier tube. Outlines section, 
6B; requires miniature 9-contact socket. 



Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.6 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 

Direct Interelectrode Capacitances: 

Triode Unit: Unshielded Shielded 

Grid to Plate . 3 3 

Grid to Cathode, Heater, Grid No.3 of 

Pentode Unit, and Internal Shield . 3.2 3.2 

Plate to Cathode, Heater, Grid No.3 of 

Pentode Unit, and Internal Shield . 1.6 2.4 

Pentode Unit: 

Grid No.l to Plate . 0.046 max 0.030 max 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 7.5 7.5 

Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 2.2 2.8 

Grid of Triode Unit to Plate of Pentode Unit .... 0.018 max 0.003 max 

Grid No.l of Pentode Unit to Plate of Triode Unit 0.006 max 0.002 max 


volts 

ampere 

volts 

volts 


pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 


Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

Plate Voltage . 330 330 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . — 330 volts 

Grid-No.2 Voltage . See curve p«ge 300 
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Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage .. 

Grid-No. 1 Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
20 juA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


0 

0 

volts 

1 

2.5 

watts 

— 

0.55 

See curve page 300 

watt 

250 

125 

volts 

— 

125 

volts 

—2 

100 

—1 

volts 

31500 

150000 

ohms 

3200 

10000 

/imhos 

1.8 

12 

mA 

— 

4.5 

mA 

—3.5 

—7 

volts 


0.5 

0.5 

megohm 

1 

1 

megohm 


6KU8 Refer to chart at end of section. 

6KV6 Refer to chart at end of section. 


6KV6A BEAM POWER TUBE 

17KV6A, 22KV6A 

Novar type used for high-voltage pulse- or shunt- 
regulator applications in color television receivers. 
Outlines section, 31D; requires novar 9-contact socket. 
Types 17KV6A and 22KV6A are identical with type 
6KV6A except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 

and Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, 
and Grid No.3 . 


6KV6A 

17KV6A 

22KV6A 


6.3 

16.8 

22 

volts 

1.6 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 

+200 max 

+200 max 

+200 max 

volts 

—500 max 

—500 max 

—500 max 

100 max 

100 max 

100 max 

volts 


0.6 


pF 


22 


pF 


9 


pF 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Triode Amplification Factor# . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage for plate current of 1 mA 


100 

140 

0 

0 

140 

140 

0 

—24.5 


4 

_ 

10000 

_ 

6000 

440« 

40 

30" 

2.4 

—■ 

—42 


volts 

volts 

volts 

volts 

ohms 

jumhos 

mA 

mA 

volts 


High-Voltage-Pulse Shunt Regulator 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage (lb = 0 mA) . 900 volts 

Peak Positive-Pulse Plate Voltage 4 . 6500 volts 
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Peak Negative-Pulse Plate Voltage . 1500 volts 

Peak Positive-Pulse Grid-No.2 Voltage . 600 volts 

DC Grid-No. 3 Voltage . 75 volts 

DC Grid-No.2 Voltage . 220 volts 

DC Grid-No. 1 Voltage, Negative-bias value . 250 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Peak Cathode Current . 950 mA 

Average Cathode Current . 275 mA 

Plate Dissipation^ . 28* watts 

Grid-No.2 Input . 2 watts 

Bulb Temperature (At hottest point) . 240 C 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance: 

For grid-No. 1-resistor-bias operation . 1 megohm 


# Grid-No.3 and grid-No.2 connected, respectively, to cathode and plate at socket. 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

k Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t Adequate circuit precautions must be taken to protect the tube in the absence of grid- 
No.1 bias. 

• Plate dissipations up to 32 watts maximum are permissible for short periods of time pro¬ 
vided the maximum envelope-temperature rating is not exceeded. This condition may exist 
under high-line voltage, zero pictui’e tube beam current. 


HIGH-MU TRIODE— 6KV8 

SHARP-CUTOFF PENTODE 11KV8 

Miniature type with frame-grid pentode unit used in 
black-and-white television receivers. The triode unit is 
used in general-purpose voltage-amplifier, sync-sepa¬ 
rator, and sound-if-amplifier applications. The pentode 
unit is used as a video-output tube. Outlines section, 
6E; requires miniature 9-contact socket. For curves of 
average plate characteristics for triode unit, refer to type 6AW8A. Type 
11KV8 is identical with type 6KV8 except for heater ratings. 
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6KV8 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.775 

Heater Warm-up Time (Average) . — 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances (Approx.) : 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Triode Grid to Pentode Plate . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Pentode Plate to Triode Plate . 


11KV8 

10.9 

0.45 

11 

volts 

ampere 

seconds 

±200 max 
100 max 

volts 

volts 

3.7 

PF 

2.5 

pF 

2.4 

0.015 max 

pF 

0.12 max 

pF 

13 

pF 

4.8 

0.17 max 

PF 

pF 


Class A, Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For Grid-No.2 voltages up to 150 volts . 

For Grid-No.2 voltages between 150 and 300 volts 


Triode Unit Pentode Unit 
300 300 

-- 300 

— See curve page 300 

0 0 

1 5 

— 1 

— See curve page 300 


volts 

volts 

volts 

watts 

watt 
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CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No. 1 Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No. 1 Voltage (Approx.) for plate current of 
100 jiA . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


200 

125 

200 

volts 

— 

125 

125 

volts 

—2 

0 

0 

volts 

— 

82 

68 

ohms 

70 

17500 

55000 

75000 

ohms 

4000 

21000 

23000 

/mihos 

4 

16.5 

20 

mA 

— 

3.1 

3.5 

mA 

—4.5 

—4.2 

—4.2 

volts 


Triode Unit Pentode Unit 

0.5 0.1 megohm 

1 0.25 megohm 



6KY6 


Refer to chart at end of section. 


6KY8 


Refer to chart at end of section. 


6KY8A 


HIGH-MU TRIODE— 
BEAM POWER TUBE 


15KY8A 

Novar type used in combined vertical-deflection-os¬ 
cillator and vertical-deflection-amplifier applications in 
black-and-white television receivers having low-voltage 
“B” supplies. Outlines section, 30A; requires novar 9- 
contact socket. Type 15KY8A is identical with type 
6KY8A except for heater ratings. 
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Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Triode Unit: 

Grid to Plate .. 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate ... 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 


6KY8A 

15KY8A 


6.3 

15 

volts 

1.1 

0.45 

amperes 

— 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 


0.44 

pF 


15 

PF 


7 

pF 


0.048 

PF 

3 . 

2.6 

pF 


0.28 

pF 
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Class A t Amplifier 


CHARACTERISTICS 

Triode Unit 

Beam Power Unit 


Plate Voltage . 

250 

50 

135 

120 

volts 

Grid-No.2 (Screen-Grid) Voltage .... 

— 

120 

120 

* 

volts 

Grid-No. 1 (Control-Grid) Voltage .... 

—3 

0 

—10 

—10 

volts 

Amplification Factor . 

64 

— 

— 

7 


Plate Resistance (Approx.) . 

40000 

— 

18000 

— 

ohms 

Transconductance . 

1600 

— 

8400 

— 

^mhos 

Plate Current . 

1.4 

170* 

39 

— 

mA 

Grid-No.2 Current . 

— 

20- 

3 

— 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 1 mA . 

_ 

_ 

—24 

_ 

volts 


* Triode connection, grid No.2 connected to plate at socket. 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 



PLATE VOLTS 92CS- H942TI PLATE VOLTS 92CS-II944TI 


Vertical-Deflection Oscillator and Amplifier 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Triode 

Unit 

Oscillator 

330 

Beam Power 
Unit 

Amplifier 

300 

volts 

Peak Positive-Pulse Plate Voltage# 

(Absolute Maximum) . 

_ 

2200t 

volts 

DC Grid-No.2 Voltage . 

— 

150 

volts 

Peak Negative-Pulse Grid-No.l Voltage . 

400 

250 

volts 

Peak Cathode Current . 

77 

200 

mA 

Average Cathode Current . 

22 

60 

mA 

Plate Dissipation . 

1.5 

12 

watts 

Grid-No.2 Input . 

— 

1.9 

watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For grid-resistor-bias operation . 

2.2 

2.2 

megohms 


# Pulse 

duration must 

f Under 

no conditions 

H 

H 

(?) Pp 

(4 


Kp 




IS ^ | 

r““" :::rrfr~ 

c,@l 



MEDIUM-MU TRIODE— 6KZ8 

SHARP-CUTOFF PENTODE 5 kz8,»kz8 

Miniature type used as combined oscillator and mixer 
in vhf color and black-and-white television receivers. 
Outlines section, 6B; requires miniature 9-contact 
socket. Types 5KZ8 and 9KZ8 are identical with type 
6KZ8 except for heater ratings. 
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Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


5KZ8 6KZ8 9KZ8 

4.7 6.3 9.45 

0.6 0.45 0.3 

11 11 11 

±200 max ±200 max ±200 max 

100 max 100 max 100 max 


Direct Interelectrode Capacitances :* 

Triode Unit: 

Grid to Plate . 

Grid to Triode Cathode, Pentode Cathode, Heater, Pentode Grid 

No. 3, and Heater . 

Plate to Triode Cathode, Pentode Cathode, Heater, Pentode Grid 

No.3, and Heater . . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Heater to Cathode (Each Unit) . 

* With external shield connected to cathode. 

# With external shield connected to ground. 


1.6 


0.01 max 


3.4 

3.2# 


volts 

ampere 

seconds 

volts 

volts 


pF 

PF 

pF 

PF 

pF 

pF 

pF 


Class A x Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 


Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
10 fiA . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


330 


330 



volts 

— 


330 



volts 

— 

See 

curve 

page 

300 


0 


0 



volts 

2.5 


2.5 



watts 

_ 


0.55 



watt 

— 

See 

curve 

page 

300 



125 

125 

volts 

— 

125 

volts 

—1 

—1 

volt 

46 

5400 

200000 

ohms 

8500 

7500 

/xmhos 

13.5 

12 

mA 

— 

4 

raA 

—8 

—8 

volts 


Triode Unit 

Pentode Unit 


0.25 

0.25 

megohm 

0.5 

0.5 

megohm 


6L5G 


Refer to chart at end of section. 


6L6 

6L6GC 


BEAM POWER TUBE 


Metal type 6L6 and glass octal type 6L6GC are used 
in the output stage of audio amplifying equipment, 
especially units designed to have ample reserve of 
power-delivering ability. Outlines section, 4 and 19D, 
respectively; require octal socket. These tubes, like 
other power-handling tubes, should be adequately ven¬ 
tilated. Type 6L6GC can be used in place of type 6L6 
and may be supplied with pin 1 omitted. 



7AC 































Technical Data 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and 

Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, and 
Grid No.3 . 

* With pin 1 connected to pin 8. 
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6L6 

±180 max 

6.3 

0.9 

6L6GC 
±200 max 
100 max 

volts 

ampere 

volts 

volts 

0.4* 

0.6 

PF 

10* 

10 

PF 

12 * 

6.5 

pF 


Class A] Amplifier 

6L6 6L6GC 

Design-Center Design Maximum 


MAXIMUM RATINGS 

Plate Voltage . 


Values 

360 

Values 

500 

volts 

Grid-No.2 (Screen-Grid) Voltage . 


270 

450* 

volts 

Plate Dissipation . 


19 

30 

watts 

Grid-No.2 Input . 


2.5 

5 

watts 

TYPICAL OPERATION 

Plate Voltage . 

. 250 

300 

350 

volts 

Grid-No.2 Voltage . 

. 250 

200 

250 

volts 

Grid-No.l (Control-Grid) Voltage . 

. —14 

—12.5 

—18 

volts 

Peak AF Grid-No.l Voltage . 

. 14 

12.5 

18 

volts 

Zero-Signal Plate Current . 

. 72 

48 

54 

mA 

Maximum-Signal Plate Current . 

. 79 

55 

66 

m A 

Zero-Signal Grid-No.2 Current . 

. 5 

2.5 

2.5 

mA 

Maximum-Signal Grid-No.2 Current . 

. 7.3 

4.7 

7 

mA 

Plate Resistance (Approx.) . 

. 22500 

35000 

33000 

ohms 

Transconductance . 

. 6000 

5300 

5200 

/imhos 

Load Resistance . 

. 2500 

4500 

4200 

ohms 

Total Harmonic Distortion . 

. 10 

11 

15 

per cent 

Maximum-Signal Power Output . 

. 6.5 

6.5 

10.8 

watts 


* In push-pull circuits where grid No.2 of each tube is connected to a tap on the plate 
winding of the output transformer, this maximum rating is 500 volts. 


MAXIMUM RATINGS 


Class Ai Amplifier (Triode Connection)! 

6L6 6L6GC 

Design- Design- 

Center Values Maximum Values 


Plate Voltage . 

Plate Dissipation (Total) 


275 450 volts 

19 30 watts 


TYPICAL OPERATION 

Plate Voltage . 

Grid-No. 1 Voltage 
Peak AF Grid-No. 1 Voltage . . . 
Zero-Signal Plate Current 
Maximum-Signal Plate Current 
Plate Resistance (Approx.) . . . 

Amplification Factor . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion .... 
Maximum-Signal Power Output 

f Grid No.2 connected to plate. 


250 

volts 

—20 

volts 

20 

volts 

40 

mA 

44 

mA 

1700 

ohms 

8 


4700 

/zmhos 

5000 

ohms 

5 

per cent 

1.4 

watts 


Push-Pull Class A, Amplifier 


MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Peak AF Grid-No.l-to-Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load Resistance (Plate-to-plate) . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 


250 

270 

volts 

250 

270 

volts 

—16 

—17.5 

volts 

32 

35 

volts 

120 

134 

mA 

140 

155 

mA 

10 

11 

mA 

16 

17 

mA 

5000 

5000 

ohms 

2 

2 

per cent 

14.5 

17.5 

watts 
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PLATE VOLTS 92CS-I0327T 


Push-Pull Class ABi Amplifier 


MAXIMUM RATINGS (Same as for Class Ai Amplifier) 




TYPICAL OPERATION (Values are for two tubes) 


6L6 

6L6GC 


Plate Voltage ... 

360 

360 

450 

volts 

Grid-No.2 Voltage . 

270 

270 

400 

volts 

Grid-No.l Voltage . 

—22.5 

—22.5 

—37 

volts 

Peak AF Grid-No. 1-to-Grid-No.l Voltage . 

45 

45 

70 

volts 

Zero-Signal Plate Current . 

88 

88 

116 

mA 

Maximum-Signal Plate Current . 

132 

140 

210 

mA 

Zero-Signal Grid-No.2 Current . 

5 

5 

5.6 

mA 

Maximum-Signal Grid-No.2 Current . 

15 

11 

22 

mA 

Effective Load Resistance (Plate-to-plate) . 

6600 

3800 

5600 

ohms 

Total Harmonic Distortion . 

2 

2 

1.8 

per cent 

Maximum-Signal Power Output . 

26.5 

18 

55 

watts 


Push-Pull Class AB 2 Amplifier 


MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Plate Voltage . 

Grid-No. 2 Voltage . 

Grid-No. 1 Voltage . 

Peak AF Grid-No. 1-to-Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load Resistance (Plate-to-plate) . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


360 

360 

volts 

225 

270 

volts 

—18 

—22.5 

volts 

52 

72 

volts 

78 

88 

mA 

142 

205 

mA 

3.5 

5 

mA 

11 

16 

mA 

6000 

3800 

ohms 

2 

2 

per cent 

31 

47 

watts 


. 0.1 

megohm 

. 0.5 

megohm 


6L6G Refer to chart at end of section. 

6L6GB Refer to chart at end of section. 

6L7 Refer to chart at end of section. 

6L7G Refer to chart at end of section. 
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NC NC 



BEAM POWER TUBE 6LB6 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out¬ 
lines section, 16E; requires duodecar 12-contact socket. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 2.25 amperes 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances : 

Grid No.l to Plate . 0.44 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 33 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 18 pF 


Class Ai Amplifier 

Triode* 

CHARACTERISTICS Connection Pentode Connection 


Peak Positive-Pulse Plate Voltage 


Plate Voltage . 125 

Grid-No.3 (Suppressor Grid) . 

Grid-No.2 Voltage . 125 

Grid-No. 1 Voltage . —25 

Plate Resistance (Approx.) . — 

Transconductance . — 

Plate Current . — 

Grid-No.2 Current . — 


Grid-No. 1 Voltage (Approx.) for 

plate current of 1 mA . — 

Amplification Factor . 4 


5000 

_ 

._ 

volts 

— 

50 

150 

volts 

Connected to cathode at socket 


110 

110 

110 

volts 


— 

—20 

volts 

— 

— 

6600 

ohms 

— 

— 

13400 

/imhos 

— 

560t 

105 

mA 

— 

461: 

2 

mA 

—125 

— 

—40 

volts 


* Grid No.2 tied to plate. 

% This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage . 990 volts 

Peak Positive Pulse Plate Voltage# (Absolute Maximum Value) . . 7000 volts 

Peak Negative-Pulse Plate Voltage . 100 volts 

Grid-No.3 Voltage, Positive-bias value . 0 volts 

Grid-No.2 Voltage . 200 volts 

Peak Negative Grid-No.l Voltage . 300 volts 

Peak Cathode Current . 1100 mA 

Average Cathode Current . 315 mA 

Plate Dissipation* (Absolute Maximum Value) . 30 watts 

Grid-No.2 Input . 5 watts 

Bulb Temperature (At hottest point) . 200 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

With feedback-type high voltage regulation . 1.2 megohms 

With shunt-type high voltage regulation (switching mode) . . 10 megohms 

Grid-No.3-Circuit Resistance . 0 ohms 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* A bias resistor or other means is required to protect the tube in absence of excitation. 


Refer to chart at end of section. 


6LB8 
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6LC8 

8LC8 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 


Miniature type used in color and black-and-white tele¬ 
vision receiver applications. Pentode unit is used in k t 
noise-immune gated-agc-amplifier circuits, and the g 3p 
triode unit in sync-separator circuits. Outlines section, 

6E; requires miniature 9-contact socket. Type 8LC8 is g t 
identical with type 6LC8 except for heater ratings. 

For curves of average plate characteristics, refer to 
type 6KA8. 



9QY 


6LG8 8LC8 

Heater Voltage (ac/de) . 6.3 8.4 

Heater Current . 0.6 0.45 

Heater Warm-up Time (Average) . 11 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 2.2 

Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 2.8 

Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 2.2 

Pentode Unit: 

Grid No.l to Plate . 0.10 max 

Grid No.l to Cathode, Heater, Grid No.3, Triode Cathode, and 

Internal Shield . 10 

Grid No.3, Triode Cathode, and Internal Shield to Plate . 3.4 

Grid No.l to Grid No.3, Triode Cathode, and Internal Shield . . 0.36 

Grid No.3, Triode Cathode, and Internal Shield to Plate, Cathode, 

Heater, Grid No.l, and Grid No.2 . 12.5 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

PF 


PF 

pF 

pF 


pF 


Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 

Grid Voltage: 

Positive-bias value . 

Negative-bias value . 

Plate Dissipation . 

CHARACTERISTICS Triode Unit 

Plate Supply Voltage . 200 

Grid-No.2 Supply Voltage . — 

Grid-No.l Voltage . —2 

Cathode-Bias Resistor . — 

Amplification Factor . 70 

Plate Resistance (Approx.) . 17500 

Transconductance, Grid No.l to Plate . 4000 

Transconductance, Grid No.3 to Plate . — 

Plate Current . 4 

Grid-No.2 Current . — 

Grid-No.l Voltage (Approx.) : 

For plate current of 10 fiA . —5 

For plate current of 20 fiA . — 


Grid-No.3 Voltage (Approx.) for plate current of 
20 ii A . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

* With no external connection to triode plate and triode grid. 


Triode Unit 
300 

0 

50 

1.1 


Pentode Unit 
150 
100 

180 

100000 

4400 

600 

4 

2.8 


—4 
—7* 


Triode Unit 
0.25 
1 


volts 

volts 

volts 

watts 

volts 

volts 

volts 

ohms 

ohms 

/imhos 

/imhos 

mA 

mA 

volts 

volts 

volts 


megohm 

megohm 


Gated AGC Amplifier and Noise Inverter 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Grid-No.3 (Control-Grid) Voltage: 

Positive-bias value . 

Negative-bias value . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 

Negative-bias value . 


Pentode Unit 

300 volts 

600 volts 

0 volts 

100 volts 

300 volts 

See curve page 300 

0 volts 

50 volts 
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Plate Dissipation . 2 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 1.1 watts 

For grid-No.2 voltages between 150 and 300 volts . See curve page 300 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

For fixed-bias operation . 0.5 megohm 

For cathode-bias operation . 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 



9QZ 


6LE8 

TWIN PENTODE 10LE8, 15LE8 

Miniature type used as combined color demodulator 
and matrix amplifier in color television receivers 
utilizing high-level demodulation systems. Outlines 
section, 6G; requires miniature 9-contact socket. Types 
10LE8 and 15LE8 are identical with type 6LE8 except 
for heater ratings. 



6 LE8 

10 LE8 

15LE8 


Heater Voltage (ac/dc) . 

6.3 

10.0 

15.0 

volts 

Heater Current . 

0.76 

0.45 

0.3 

ampere 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

— 

11 

11 

seconds 

Peak value . 


4-200, —300 max 

volts 

Average value . 


4-100 


volts 

Direct Interelectrode Capacitances: 



Plate (Each Unit) to All Other Electrodes . 



3.7 

pF 

Grid No.l to All Other Electrodes . 



15.5 

pF 

Grid No.3 (Each Unit) to All Other Electrodes . . 



6 

PF 

Grid No.3 to Plate (Each Unit) . 



2.7 

PF 

Grid No.3 (Unit No.l) to Grid No.3 (Unit No.2) 



0.1 

pF 


Class A l Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 




Plate Voltage (Each Unit) . 


300 

volts 

Grid-No.2 (Screen-Grid) Voltage . 


150 

volts 

Plate Dissipation (Each Unit) . 


2 

watts 

Grid-No.2 Input . 


2 

watts 

CHARACTERISTICS 





Gi Control 

G.j Control 


Plate Voltage . 

100 

100 

volts 

Grid-No.3 (Suppressor-Grid) Voltage . 

0 

0 

volts 

Grid-No.2 Voltage . 

100 

100 

volts 

Grid-No.1 (Control-Grid) Voltage, Negative-bias value 

2.5 

2.5 

volts 

Transconductance (Approx.) . 

5800 

350 

/imhos 

Plate Resistance (Approx.) . 

50000 

50000 

ohms 

Plate Current . 

8 

7.6 

m A 

Grid-No.2 Current . 

15 

14.5 

m A 

Grid-No. 1 Voltage for plate current of 20 fiA . 

-7.2 

— 

volts 

Grid-No.l Voltage for plate current of 100 //A . 

- 6.3 

— 

volts 

Grid-No.3 Voltage for plate current of 20 fiA . 

— 

— 17.4 

volts 

Grid-No.3 Voltage for plate current of 100 fiA .... 


—16.5 

volts 


For replacement use type 6LF6/6LX6. 


6LF6 



BEAM POWER TUBE 


6LF6/6LX6 


20LF6 

Duodecar type used as horizontal deflection amplifier 
in color television receivers. Outlines section, 16F; re¬ 
quires duodecar 12-contact socket. Type 20LF6 is iden¬ 
tical with type 6LF6/6LX6 except for heater ratings. 
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6 LF6/ 




6 LX6 

20LF6 


Heater Voltage (ac/dc) . 

. 6.3 

20 

volts 

Heater Current . 

. 2.0 

0.6 

ampere 

Peak Heater-Cathode Voltage . 

. _4_ 275 max 

±200 max 

volts 

Class Ai 

Amplifier 



CHARACTERISTICS 




Plate Voltage . 

. 50 

160 

volts 

Grid-No.3 (Suppressor-Grid) Voltage . 

. 0 

0 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

. 175 

160 

volts 

Grid-No.l (Control-Grid) Voltage . 

. —10 

0 

volts 

Plate Current . 

. 800 

1400 

mA 

Grid-No.2 Current . 

. 70 

45 

m A 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 990 volts 

Peak Positive-Pulse Plate Voltage# . 8000 volts 

Plate Dissipation . 40 watts 

Grid-No.3 Voltage . 50 volts 

Grid-No.2 Voltage . 275 volts 

Grid-No.2 Input . 9 watts 

Beam Plates Circuit Resistor . 10000 ohms 

Peak Negative-Pulse Grid-No. 1 Voltage . 550 volts 

Bulb Temperatures . 300 °C 


# Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 


6LF8 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 


Miniature type used in video-amplifier stages of color 
and black-and-white television receivers. Outlines sec¬ 
tion, 6E; requires miniature 9-contact socket. 



9DX 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit? 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 


6.3 

volts 

0.6 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

2.2 

PF 

3.2 

PF 

1.8 

PF 

0.06 max 

pF 

10 

PF 

3.6 

pF 

0.008 max 

pF 

0.15 max 

PF 


Class A Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage .. 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Positive-bias value . 

Negative-bias value . 

Grid-No.l Current . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No .2 voltages between 165 and 330 volts 


Triode Unit 

Pentode Unit 


330 

330 

volts 

— 

330 

volts 

— See 

curve page 300 


4 

0 

volts 

—55 

—55 

volts 

8 

0 

mA 

1.1 

3.75 

watts 

— 

1.1 

watts 


See curve page 300 
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CHARACTERISTICS 


Plate Voltage . 

200 

40 

75 

100 

volts 

Grid-No. 2 Voltage . 

— 

— 

150 

150 

volts 

Grid-No.l Voltage . 

—2 

3 

0 

—2.5 

volts 

Amplification Factor . 

Plate Resistance (Approx.) . 

70 

17500 

40 

10000 

—' 

200000 

ohms 

Transconductance . 

4000 

4000 

— 

11000 

H mhos 

Plate Current . 

4 

11 

50" 

20 

mA 

Grid-No.2 Current . 

— 

— 

12 " 

5 

mA 

Grid-No.l Current . 

0 

2.7 

0 

0 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 20 jjlA . 

—5 

— 

— 

—8 

volts 




MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance : Triode Unit Pentode Unit 

For fixed-bias operation . 0.5 0.25 megohm 

For cathode-bias operation . 1 1 megohm 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Refer to chart at end of section. 

For replacement use type 6LJ6A/6LH6A. 
Refer to chart at end of section. 


6LH6A 

6LJ6 



6LJ6A/ 

BEAM TRIODE 6LH6A 

Glass octal type used for the shunt regulation of high- 
voltage, low-current power supplies in color and black- 
and-white television receivers. Outlines section, 21D; 
requires octal socket. For high-voltage and X-ray 
safety considerations, refer to page 93. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Cathode Voltage . 

Direct Interelectrode Capacitances: 

Grid to Plate . 

Grid to Cathode and Heater 
Plate to Cathode and Heater . 


. 6.3 

. 0.2 

-f- not recommended, - 450* 

. 1 

. 2.6 

. 1 


volts 

ampere 

volts 


PF 

PF 

pF 


* Series impedance should be used with the cathode to limit the cathode current under 
prolonged short-circuit conditions to 450 mA. 


Shunt Voltage-Regulator Service 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Negative Grid Voltage . 

Peak Negative Grid Voltage" . 

Plate Dissipation . 

Average Plate Current . 

TYPICAL OPERATION 

Unregulated DC Supply Voltage . 

Equivalent Resistance of Unregulated Supply . 


27000 

volts 

135 

volts 

440 

Volt8 

40 

watts 

1.5 

mA 

36000 

volts 

11 

megohms 
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DC Reference Voltage . 200 volts 

Equivalent Resistance of Reference Supply . 1000 ohms 

Effective Grid-Plate Transconductance . 200 fi mhos 

DC Plate Current for Load Current of 0 mA . 1000 n A 

DC Plate Current for Load Current of 1 mA . 45 fiA 

Regulated DC Output Voltage for Load Current of 0 mA . 25000 volts 

Regulated DC Ouput Voltage for Load Current of 1 mA . 24500 volts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance: 

For use with “Flyback Transformer” high voltage supply .... 3 megohms 

X-RADIATION CHARACTERISTIC 

X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis . 0.5 mR/hr 


■ For interval of 20 seconds maximum during equipment warm-up period. 

Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 


6LJ8 MEDIUM-MU TRIODE— 

4LJ8, 5LJ8 SHARP-CUTOFF PENTODE 

Miniature type used as a combined oscillator and 
mixer in vhf television receivers. Outlines section, 

6B; requires 9-contact socket. Types 4LJ8 and 5LJ8 
are identical with type 6LJ8 except for heater ratings. 9GF 



4LJ8 

5LJ8 

6 LJ 8 


Heater Voltage (ac/dc) . 

4.3 

5.6 

6.3 

volts 

Heater Current . 

0.6 

0.45 

0.4 

ampere 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

11 

11 

— 

seconds 

Peak value . 

±200 max 

±200 max 

±200 max 

volts 

Average value . 

100 max 

100 max 

100 max 

volts 


Class Ai Amplifier 



MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage .. 

Cathode Current . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 140 volts . 

For grid-No.2 voltages between 140 and 280 volts 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 

30 juA . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit Pentode Unit 


280 

280 

volts 

— 

280 

volts 

— 

See curve page 

300 

20 

20 

mA 

0 

0 

volts 

2 

2 

watts 

_ 

0.5 

watts 

— 

See curve page 

300 

125 

125 

volts 

— 

125 

volts 

68 

33 

ohms 

40 

— 


5000 

125000 

ohms 

8000 

13000 

fimhos 

13 

12 

mA 

~ 

3.5 

mA 

—6.5 

—4 

volts 


1 0.5 megohm 

0.5 0.25 megohm 


£1 juto MEDIUM-MU TRIODE—SEMI- 
OLfVto REMOTE-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- G2 
vision receiver applications. The pentode unit is used & 
in burst-amplifier circuits, and the triode unit as a ^ 
general-purpose amplifier tube. Outlines section, 6B; G ip-^ 
requires miniature 9-contact socket. p j 


© K 1s C3p 
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Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Intereiectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield . 

Heater to Cathode (Each Unit) . 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 

Plate Voltage . 330 

Grid-No.2 (Screen-Grid) Supply Voltage . — 

Grid-No.2 Voltage . — Se 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 0 

Plate Dissipation . 2.5 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . — 

For grid-No.2 voltages between 165 and 330 volts — Se 

CHARACTERISTICS 

Plate Voltage . 125 

Grid-No.2 Voltage . — 

Grid No.l Voltage . —1 

Amplification Factor . 46 

Plate Resistance (Approx.) . 5400 

Transconductance . 8500 

Plate Current . 13.5 

Grid-No.2 Current . — 

Grid-No.l Voltage (Approx.) for plate current of 

10 fiA . —8 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.5 

For cathode-bias operation . 1 

TYPE 6LM8 35 | TYPE 6LM8 / 

PENTODE UNIT GRID-No.2 V0LTS=I25 TRIODE UNIT / 


flmpq fo,| VOLTS EC i^O-S 


±200 max 
100 max 


1.8 

3.2 

1.9 

0.015 max 
5.5 


Triode Unit Pentode Unit 

330 350 

— 330 

— See curve page 300 


0 

0 

volts 

2.5 

2.5 

volts 

_ 

0.55 

watts 

— 

See curve page 

300 

125 

125 

volts 

_ 

125 

volts 

—1 

—2 

volts 

46 

5400 

150000 

ohms 

8500 

6000 

/xmhos 

13.5 

12 

mA 

— 

4 

mA 

—8 

—14 

volts 


megohm 

megohm 


TYPE 6LM8 
TRIODE UNIT 



j 





Sf / 

_ Q 

/ 



/s 

22 


PLATE VOLTS 


PLATE VOLTS 


400 

92CS-I042IT2 



6LN8/ 

LCF80 


MEDIUM-MU TRIODE— I rCCO 

SHARP-CUTOFF PENTODE LV-rOU 

Miniature type used in frequency-changer service in 
television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. 
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Heater Voltage (ac/dc) ... 


6 

volts 

Heater Current . 


0.45 

ampere 

Peak Heater-Cathode Voltage . 

Class A 1 Amplifier 


±100 max 

volts 

MAXIMUM RATINGS (Design-Maximum Values) 

Triode Unit Pentode Unit 


Plate Supply Voltage . 

550 

550 

volts 

Plate Voltage . 

250 

250 

volts 

Grid-No.2 (Screen-Grid) Supply Voltage .. 

Grid-No.2 Voltage: 

— 

550 

volts 

With cathode current of 14 mA . 

— 

175 

volts 

With cathode current less than 10 mA. 

— 

200 

volts 

Cathode Current . 

14 

14 

mA 

Plate Dissipation .. 

Grid-No.2 Input: 

1.5 

1.7 

watts 

With plate dissipation greater than 1.2 watts . .. 

— 

0.5 

watt 

With plate dissipation less than 1.2 watts . 

CHARACTERISTICS 


0.75 

watt 

Plate Voltage ... 

100 

170 

volts 

Grid-No.2 Voltage . 

— 

170 

volts 

Grid-No. 1 Voltage ... 

—2 

—2 

volts 

Amplification Factor . 

20 

— 


Mu-Factor, Grid No.2 to Grid No.l . 

— 

47 


Plate Resistance (Approx.) . 

— 

0.4 

megohm 

Transconductance .. 

5000 

6200 

jtimhos 

Plate Current . . 

14 

10 

mA 

Grid-No.2 Current. 

— 

2.8 

mA 

Input Resistance at frequency of 50 MHz . 

— 

0.01 

megohm 

Equivalent Noise Resistance . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1 -Circuit Resistance: 


1500 

ohms 

For fixed-bias operation . 

0.5 

0.5 

megohm 

For cathode-bias operation . 

0.5 

1 

megqhm 


6LQ6 

6LQ6/6JE6B 

6LQ6/6JE6C 


6LQ8 

11LQ8 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The pentode unit is used 
as a video output tube. The triode unit is used in sync 
separator and sound-if circuits. Outlines section, 6E; 
requires miniature 9-contact socket. Type 11LQ8 is 
identical with type 6LQ8 except for heater ratings. 


6 LQ 8 

Heater Voltage (ac/dc) . 6.3 

Heater Current . 0.7 

Heater Warm-up Time . •— 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No. 3, and Internal Shield . 

Plate to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate .. 

Grid No.l to Cathode Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Triode Grid to Pentode Plate . 

Pentode Plate to Triode Plate . 


For replacement use type 6MJ6/6LQ6/6JE6C. 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


9DX 


11LQ8 


10.9 

volts 

0.45 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 


2.8 

pF 

4.2 

pF 

2.4 

pF 

0.12 max 

PF 

14 

pF 

4.8 

pF 

0.015 max 

pF 

0.17 max 

pF 










































PLATE 


Technical Data 


363 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts . 

For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS Tr 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage( Approx.) for plate current 
of 100 fiA . 


Triode Unit Pentode Unit 



300 

300 

volts 


— 

300 

volts 


— See 

curve page 

300 


0 

0 

volts 


2 

5 

watts 


_ 

1 

watts 


— See 

curve page 

300 

riode Unit Pentode Unit 


125 

125 

200 

volts 

— 

125 

125 

volts 

68 

82 

68 

ohms 

46 

— 

— 


4400 

55000 

75000 

ohms 

10400 

21000 

23000 

/imhos 

15 

16.5 

20 

mA 

— 

3.1 

3.5 

mA 

- 6 

—4.2 

—4.2 

volts 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 


Triode Unit Pentode Unit 

0.5 0.1 megohm 

1 0.25 megohm 


'TYPE 6LQ8 
PENTODE UNIT 
GRID -No.2 VOLTS -125 


VOLTSECT" 0 ; 5 - 



^ i l b j~ 1,5 - 
2 

100 200 300 400 

PLATE VOLTS 



PLATE VOLTS 92CS-I26I6TI 



BEAM POWER TUBE 


6LR6 


^ Duodecar type used as horizontal-deflection amplifier 
^ 3 in color and black-and-white television receivers. An 
'g 2 integral radiator-fin design dissipates heat uniformly. 
Outlines section, 16E; requires duodecar 12-contact 
socket. Type 35LR6 is identical with type 6LR6 except 
for heater ratings. 


Heater Arrangement . 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6 LR6 

Parallel 

6.3 

2.5 


±200 max 
100 max 


35LR6 

Series 

35 

0.45±0.03 

11 

±200 max 
100 max 


volts 

amperes 

seconds 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.3 (Suppressor Grid) Voltage 
Grid-No.2 (Screen-Grid) Voltage . . 
Grid-No.l (Control-Grid) Voltage . . 
Plate Resistance (Approx.) . 


Triodeff 

Connection 


Pentode Connection 


125 

60 

175 

60 

volts 

— 


Connected to 

cathode 

at socket 

125 

115 

110 

110 

volts 

20 

0 

—20 

0 

volts 


— 

5300 

-— 

ohms 
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Transconductance (Grid No.l to Plate) 

— 

_ 

16000 

_ 

/imhos 

Plate Current . 

— 

740f 

140 

700 

mA 

Grid-No.2 Current . 

— 

38f 

2.4 

35 


Grid-No.l Voltage (Approx.) for 
plate current of 1 mA . 



—42 


volts 

Ratio (Plate Current/Grid No .2 

Current) . 


19.5:1 


20:1 

Triode Amplification Factor . 

3.5 

— 

— 




f This, value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded, 
ft Grid No. 2 connected to plate. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 990 volts 

Peak Positive-Plate Pulse Voltage (Absolute Maximum) . 7500 volts 

Peak Negative-Pulse Plate Voltage . 1100 volts 

Positive Grid-No.3 Voltage . 75 volts 

DC Grid-No.2 Voltage . 220 volts 

Peak Negative-Pulse Grid-No. 1 Voltage . 330 volts 

Average Cathode Current . 375 mA 

Peak Cathode Current . 1300 mA 

Plate Dissipation . 30 watts 

Grid-No .2 Input . 5 watts 

Bulb Temperature (At hottest point) . 250 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

Bias feedback high-voltage regulation . 0.47 megohm 

DC or pulse shunt high-voltage regulation . 10 megohm 


6LR8 HIGH-MU TRIODE— 

21LR8, 311.1(8 BEAM POWER TUBE 

Novar type used in combined vertical-deflection- 
oscillator and vertical-deflection-amplifier applications 
in color and black-and-white television receivers. Out¬ 
lines section, 17E; requires novar 9-contact socket. 

Types 21LR8 and 31LR8 are identical with type 6LR8 
except for heater ratings. 9QT 

6 LR 8 21LR8 31LR8 

6.3 21 31.5 volts 

1.5 0.45 0.3 ampere 

— 11 11 seconds 

±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 


CHARACTERISTICS 

Plate Voltage . 

Class Ai Amplifier 

Triode Unit Beam Power Unit 

. 250 45 135 120 

volts 

Grid-No.2 (Screen-Grid) Voltage 

— 

125 

120 

120 * 

volts 

Grid-No.l (Control-Grid) Voltage 

—4 

0 

—10 

—10 

volts 

Amplification Factor . 

Plate Resistance Approx.) . 

58 

14000 

— 

14000 

6.5 

ohms 

Transconductance . 

. . . . 4100 

— 

9200 

— 

Itimhos 

Plate Current . 

2.6 

200 - 

51 

— 

mA 

Grid-No.2 Current . 

... — 

200 " 

3 

— 

mA 

Grid-No.l Voltage: 

For plate current of 10 /iA . . 

—6.6 

_ 

_ 


volts 

For plate current of 100 fiA . 

.... — 

— 

—28 

— 

volts 

For plate current of 1 mA . . 

- — 

— 

—24 

— 

volts 


• Triode connection. Grid No.2 connected to plate at socket. 

* This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Heater Voltage . 

Heater Current . 

Heater Warm-up Time 
Heater-Cathode Voltage: 

Peak value . 

Average value . . . . 
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Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


Triode Unit Beam Power Unit 


MAXIMUM RATINGS (Design-Maximum Values) 

Flate Voltage . 

Oscillator 

400 

Amplifier 

400 

volts 

Grid-No.2 Voltage . 


— 

300 

volts 

Peak Positive-Pulse Plate Voltage# . 


— 

2500 

volts 

Peak Negative-Pulse Grid-No.l Voltage . 


400 

250 

volts 

Peak Cathode Current . 


105 

260 

mA 

Average Cathode Current . 


30 

75 

mA 

Peak Power Output . 


2.5 

— 

watts 

Plate Dissipation $ . 


2.5 

14 

watts 

Grid-No.2 Input$ . 


— 

2.75 

watts 

Bulb Temperature . 


— 

210 

°C 

MAXIMUM CIRCUIT VALUES 

Grid- No. 1-Circuit Resistance: 

For fixed-bias operation . 



1 

megohm 

For cathode-bias operation . 


2.2 

2.2 

megohms 

# Pulse duration must not exceed 15% of a 

horizontal 

scanning 

cycle (10 microseconds). 

% A bias resistor or other means is required 

to protect 

the tube 

in absence of 

excitation. 



9RL 


TWIN DIODE— 6LT8 

SHARP-CUTOFF PENTODE 8 LT8, 11LT8 

Miniature type used in television receiver applications. 
The pentode unit is used in low-frequency horizontal- 
oscillator applications. The diode units are used in 
horizontal afc discriminator circuits. Outlines section, 
6B; requires miniature 9-contact socket. Types 8LT8 
and 11LT8 are identical with type 6LT8 except for 
heater ratings. 


Heater Voltage . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6LT8 

6.3 

0.6 

11 


8 LT 8 

8.1 

0.45 

11 


11LT8 

11.4 

0.315 

11 


volts 

ampere 

seconds 


±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 


Pentode Unit as Class Ax Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No .2 (Screen-Grid) Supply Voltage . 

Grid-No .2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value . 

Plate Dissipation . 

Grid-No .2 Input: 

For grid-No 2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 33 volts . 

CHARACTERISTICS 

Plate Voltage . 

Grid No.3 (Suppressor Grid) . 

Grid-No .2 Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No .2 Current . 

Grid-No. 1 Voltage (Approx.) for plate current of 20 /*A . 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance, for cathode-bias operation . 

Diode Unit (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Current (Continuous Operation) . 

CHARACTERISTICS, Instantaneous Value 

Tube Voltage Drop for plate current of 20 mA . 


330 volts 

330 volts 

See curve page 300 
0 volts 

3.1 watts 

0.65 watt 

See curve page 300 


125 volts 

Connected to ground 
125 volts 

56 ohms 

200000 ohms 

13000 /xmhos 

10 mA 

3.4 mA 

—3.5 volts 

1 megohm 


5 mA 


5 


volts 
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6LU8 HIGH-MU TRIODE— 

16LU8A, 21 LU 8 BEAM POWER TUBE 

Duodecar type used as a combined vertical-deflection 
oscillator and vertical-deflection amplifier in color 
television receivers. Outlines section, 15D; requires 
duodecar 12-contact socket. Types 16LU8A and 21LU8 
are identical with type 6LU8 except for heater ratings. 


6 ib q «b 


Heater Voltage . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) : 

For plate current of 10 fiA . 
For plate current of 100 juA 
For plate current of 1 mA . 


6 LU 8 

6.3 

1.5 


±200 max 
100 max 


16LU8A 

16 

0.6 

11 

±200 max 
100 max 



21 

0.45 

11 

±200 max 
100 max 


Class Ai Amplifier 

Triode Unit Beam Power Unit 


250 

—4 

58 

16000 

3600 

2.3 


- 6.6 


45 

125 

0 


200 " 

20 " 


135 

120 

—10 

12000 

9300 

56 

3 


—30 

—26 


120 

120 * 

—10 

6.5 


volts 

amperes 

seconds 

volts 

volts 


volts 

volts 

volts 

ohms 

/rnihos 

mA 

mA 

volts 

volts 

volts 


• Triode connection, Grid No.2 connected to plate at socket. 

•• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


Triode Unit Beam Power Unit 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Oscillator 

400 

Amplifier 

400 

volts 

Grid-No.2 Voltage . 

— 

300 

volts 

Peak Positive-Pulse Plate Voltage# . 

— 

2500 

volts 

Peak Negative-Pulse Grid-No.l Voltage . 

400 

250 

volts 

Plate Dissipation* . 

2.5 

14 

watts 

Peak Cathode Current . 

105 

260 

mA 

Average Cathode Current . 

30 

75 

mA 

Grid-No.2 Input . 

— 

2.75 

watts 

Bulb Temperature (At hottest point) . 

— 

210 

°C 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 


1 

megohm 

For cathode-bias operation . 

2.2 

2.2 

megohms 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ A bias resistor or other means is required to protect the tube in absence of excitation. 


6LX6 

6LX8/LCF802 


For replacement use type 6LF6/6LX6. 
Refer to type 6JW8/ECF802. 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 

10LY8 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The pentode unit is used 
as a video amplifier, and the triode unit for general- 
purpose use. Outlines section, 6E; requires 9-contact 
socket. Type 10LY8 is identical with type 6LY8 ex¬ 
cept for heater ratings. 




9DX 
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Heater Voltage . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input': 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid Voltage (Approx.) for plate current 

of 10 /iA . 

Grid-No.l Voltage (Approx.) for plate current 

of 100 /xA . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

Refer to chart at end of section. 


6 LY 8 

6.3 

10LY8 

10.5 

367 

volts 

0.75 

0.45 

ampere 

— 

11 

seconds 

±200 max 

±200 max 

volts 

100 max 

2 r 

Triode Unit 

330 

100 max 

volts 

Pentode Unit 

330 

volts 

—. 

330 

volts 

— See curve page 

300 

0 

0 

volts 

1 

5 

watts 

_ 

1.1 

watts 

— See curve page 

300 

250 

35 200 

volts 

— 

100 100 

volts 

— 2.0 

0 — 

volts 

— 

— 82 

ohms 

100 

59000 

— 60000 

ohms 

1700 

— 20000 

gmhos 

1.0 

64 19.5 

mA 

— 

13.5 3 

mA 

—5 

_ __ 

volts 

— 

— —6.3 

volts 

0.5 

0.5 

megohm 

1 

1 

megohm 


6 LZ6 



«0)Kp > G3p» 
IS 


12CA 


HIGH-MU TWIN TR10DE— 
SHARP-CUTOFF PENTODE 


6M11 


Duodecar type used in television receiver applications. 
The triode units are used in sync-separator and age- 
amplifier circuits; the pentode unit is used in if-ampli- 
fier circuits. Outlines section, 8B; requires duodecar 
12-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances :** 

Triode Units: 

Grid to Plate . . 

Grid to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield . 

Plate to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield . 

Pentode: 

Grid No.l to Plate . 

Grid No.l to Cathode, Grid No.2, Grid No.3, and Internal Shield 
Plate to Cathode, Grid No.2, Grid No.3, and Internal Shield . . . 


6.3 

volts 

0.77 

ampere 

±200 max 

volts 

100 max 

volts 

1.8 

pF 

3.4 

pF 

0.8 

pF 

0.03 

PF 

12 

pF 

2.8 

PF 


** With external shield connected to pentode cathode, grid No.3, and internal shield. 


Class Al Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For voltages up to 165 volts . 

For voltages between 165 and 330 volts. 


Each 

Triode Unit Pentode Unit 
330 330 

— 330 

— See curve page 300 

0 0 

2.25 3.1 

— 0.65 

— See curve page 300 


volts 

volts 

volts 

watts 

watt 
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CHARACTERISTICS 


Plate Supply Voltage . 




125 

125 

volts 

Grid-No.2 Supply Voltage . . 




— 

125 

volts 

Cathode-Bias Resistor . 




125 

56 

ohms 

Amplification Factor . 




58 

— 


Plate Resistance (Approx.) 




7250 

200000 

ohms 

Transconductance . 




8000 

13000 

/im hos 

Plate Current . 




8 

11 

mA 

Grid-No.2 Current . 




— 

3.4 

mA 

Grid-No.l Voltage (Approx.) 
of 20 nA . 

for 

plate 

current 

_ 

—3.5 

volts 

Grid-No.l Voltage (Approx.) 
of 60 /iA . 

for 

plate 

current 

—4.5 

_ 

volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance, 
operation . 

for 

cathode-bias 

0.68 

1 

megohm 


6MA6 Refer to chart at end of section. 


6MB8 HIGH-MU TRIODE 

5MB8 SHARP-CUTOFF PENTODE 

Miniature type with frame-grid pentode unit used in 
color television receivers. The triode unit is used in 
video-amplifier applications. The pentode unit is used 
in burst-amplifier service. Outlines section, 6B; requires 
miniature 9-contact socket. Type 5MB8 is identical with 
type 6MB8 except for heater ratings. 


5MB8 

Heater Arrangement . Series 

Heater Voltage (ac/dc) . 5.6 

Heater Current . 0.45 

Heater Warm-up Time . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 

Plate Voltage . 280 

Grid-No.2 (Screen-Grid) Supply Voltage . — 

Grid-No.2 Pulse Voltage . — 

Grid-No.2 Voltage . — 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 

Plate Dissipation . 2 

Cathode Current . 20 

Grid-No.2 Input .'.. — 

CHARACTERISTICS 

Plate Voltage . 125 

Grid-No.2 Voltage . — 

Grid-No.l Voltage . 0 

Cathode-Bias Resistor . 68 

Plate Current . 13 

Grid-No.2 Current . — 

Transconductance . 8000 

Amplification Factor . 40 

Plate Resistance (Approx.) . 5000 

Grid-No.l Voltage for plate current of 100 /xA . —5 

Grid-No.l Voltage for plate current of 50 ;uA . — 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: Triode Unit 

For fixed-bias operation . 0.5 

For cathode-bias operation . 1 


H 

(£f P 


0(z) G2p 


t\I IS 

He) G3 p 

K Kp 

Gt^ 

9FA 

G|p 

6 MB8 

Parallel 

6.3 

0.4 

volts 

ampere 

seconds 

±200 max 

100 max 

volts 

volts 

Pentode Unit 



280 

volts 

280 

volts 

300 

volts 


See curve page 300 

0 volt 

2 watts 

20 mA 

0.5 watt 


125 

volts 

125 

volts 

0 

volt 

33 

ohm 

ib 

mA 

2.8 

mA 

12000 

jim hos 

125000 

ohms 

— 

volts 

—3 

volts 


Pentode Unit 

0.25 megohm 

0.5 megohm 


6MD8 MEDIUM-MU 

12MD8 TRIPLE TRIODE 

Novar type used in matrixing circuits of color and 
black-and-white television receivers. Outlines section, 
HE; requires novar 9-contact socket. Type 12MD8 is 
identical with type 6MD8 except for heater ratings. 



9RQ 
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Heater Arrangement . 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 



6MD8 

12MD8 



Parallel 

Series 



6.3 

12.6 

volts 


0.9 

0.45 

ampere 


— 

11 

seconds 


±200 max 

±200 max 

volts 


100 max 

100 max 

volts 

Unit 

Unit 

Unit 


No.l 

No.2 

No.3 


3 

3 

3 

pF 

3.6 

3.6 

3.4 

pF 

0.48 

0.48 

0.36 

PF 


Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 

Grid Voltage, Positive-bias value . 0 

Plate Dissipation . 3 

CHARACTERISTICS 

Plate Voltage . 250 

Grid Voltage . —10.5 

Amplification Factor . 17 

Plate Resistance (Approx.) . 5500 


volts 

volts 

watts 


volts 

volts 

ohms 



Transconductance . 3100 /imhos 

Plate Current . 11.5 mA 

Plate Current for grid voltage of —14 volts . 4 mA 

Grid Voltage (Approx.) for plate current of 50 fiA . —23 volts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for fixed-bias operation . 1 megohm 



BEAM POWER TUBE 6ME6 

Novar types used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Out¬ 
lines section, 32C; require novar 9-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No. 2 , 

and Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, 
and Grid No.3 . 


6.3 ±0.6 

volts 

2.3 

amperes 

200 max 

volts 

100 max 

volts 

0.6 

PF 

22 

PF 

11 

PF 
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Class Ai Amplifier 

Triode* 

CHARACTERISTICS Connection Pentode Connection 


Peak Positive-Pulse Plate Voltage# 

__ 

5000 

_ 


volts 

Plate Voltage . 

125 

—. 

5& 

175 

volts 

Grid-No.3 (Suppressor-Grid) 

Voltage . 


0 

30 

30 

volts 

Grid-No.2 (Screen-Grid) Voltage . . 

125 

125 

125 

125 

volts 

Grid-No.l (Control-Grid) Voltage . . 

—25 

— 

0 

—25 

volts 

Plate Resistance (Approx.) . 

— 

— 

— 

5800 

ohms 

Transconductance . 

— 

— 

— 

9600 

/imhos 

Plate Current . 

— 

— 

580<: 

130 

mA 

Grid-No .2 Current . 

— 

— 

40$ 

2.8 

mA 

Grid-No.l Voltage for plate current 
of 1 mA . 


—125 


—44 

volts 

Amplification Factor . 

3.5 

_ 

— 

— 


* Grid No.3 and grid No .2 connected. 

respectively, 

to cathode 

and plate 

at socket. 



% This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage .. 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage . 

Grid-No.3 Voltage* . 

Grid-No.2 Voltage . 

Peak Negative-Pulse Grid-No.l Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation 0 . 

Plate Dissipation (Temporary overload) A .. 

Grid-No .2 Input . 

Envelope Temperature (At hottest point) . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance for Cathode Bias 

(with min. Rk = 100 ft) . 

Grid-leak Bias (with signal peak clamped to zero bias) . 

Fixed Bias (where positive grid current is not drawn) . 


990 

volts 

7500 

volts 

1100 

volts 

75 

volts 

220 

volts 

330 

volts 

1200 

mA 

360 

mA 

30 

watts 

200 

watts 

5 

watts 

250 

°C 


1.0 

megohm 

10.0 

megohms 

0.47 

megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* For horizontal-deflection service, a positive voltage may be applied to grid-No.3 to minimize 
"snivels” interference in both vhf and uhf television receivers. A typical value is 30 volts. 
° A bias resistor or other means is required to protect the tube in absence of excitation. 

A Total continuous or accumulated time not to exceed 40 seconds. 


6ME8 


TWO-PLATE 

BEAM-DEFLECTION TUBE 


Miniature type used for color-demodulator applications 
in color television receivers and a variety of other 
switching 1 and gate applications. Outlines section, 6E; 
requires miniature 9-contact socket. Pin 5 should he 
connected directly to ground. The 6ME8 should be so 
located in the equipment that it is not subjected to 
stray magnetic fields. 



Heater Voltage (ac/dc) . 

Heater Current ... 

Direct Interelectrode Capacitances: 

Grid No.l to All Other Electrodes Except Plates . 

Either Plate to All Other Electrodes . 

Either Deflecting Electrode to All Other Electrodes . . . 

Plate No.l to Plate No.2 . 

Deflecting Electrode No.l to Deflecting Electrode No.2 

Grid No.l to Deflecting Electrode No.l . 

Grid No.l to Deflecting Electrode No.2 . 


6.3 

volts 

0.3 

ampere 

7.5 

pF 

6 

PF 

6 

PF 

0.4 

pF 

0.4 

pF 

0.07 max 

PF 

0.1 max 

pF 
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Color TV Demodulator 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage (Each Plate) . 400 volts 

Peak Deflecting-Electrode Voltage (Each Electrode) . ±200 volts 

Deflecting-Electrode Voltage (Each Electrode) . 100 volts 

Grid-No.3 (Accelerating-Grid) Voltage . 400 volts 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Cathode Current . 30 mA 

Plate Dissipation (Each Plate) . 2 watts 

Grid-No.3 Input . 2 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0,1 megohm 

For cathode-bias operation . 0.25 megohm 



DEFLECTING-ELECTRODE-No.I-TO-DEFLECTING-ELECTRODE-No. 2 VOLTS 


92CM-I447IT 


CHARACTERISTICS 


Class A t Amplifier 


Plate-No.2 Supply Voltage . 

Plate No .2 . 

Plate-No.l Supply Voltage . . 

Grid-No.3 Supply Voltage . 

Grid-No.l Supply Voltage . 

Deflecting-Electrode-No.2 Supply Voltage . 

Deflecting-Electrode-No.l Supply Voltage . 

Cathode-Bias Resistor . 

Transconductance, Grid No.l to both plates . 

Total Plate Current . 

Grid-No.3 Current . 

Grid-No.l Voltage for total plate current of 10 jiA . 

Deflecting-Electrode Switching Voltage* . 

Voltage Difference between Deflecting Electrodes for equal 

plate currents . 

Plate-No.l Current with Deflecting-Electrode-No.l Voltage = 55V 

and Deflecting-Electrode-No.2 Voltage =: 95V . 

Plate-No .2 Current with Deflecting-Electrode-No.l Voltage = 95V 

and Deflecting-Electrode-No .2 Voltage = 55V . 

Deflecting-Electrode-No.l Current with Deflecting-Electrode-No.l 
Voltage = 125V and Deflecting-Electrode-No.2 Voltage = 25V 
Deflecting-Electrode-No.2 Current with Deflecting-Electrode-No.l 
Voltage = 25V and Deflecting-Electrode-No.2 Voltage = 125V 


250 volts 

Connected to Plate No.l 
250 volts 

350 volts 

0 volts 

75 volts 

75 volts 

390 ohms 

4400 Jim hos 

14.5 mA 

0.7 mA 

—16 volts 

30 max volts 

0 volts 

1.3 max mA 

1.3 max mA 

0.04 max mA 

0.04 max mA 


* Defined as the total voltage change from 75 volts on either deflecting electrode with an 
equal and opposite change on the other deflecting electrode required to switch the plate 
current from one plate to the other. 
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S 
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TYPE 6ME8 

PLATE No.2 CONNECTED TO PLATE No.l 

AT SOCKET 

DEFLECTING -ELECTRODE-No.1 VOLTS *75 
DEFLECTING-ELECTRODE-No.2 V0LTS*75 
GRID-No.3 VOLTS*350 


kva ! VOLTS EC| 3 0 
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0 


100 200 300 400 500 

PLATE VOLTS 


6MF8 

15MF8 


HIGH-MU TRIODE— 
BEAM POWER TUBE 


Duodecar type used in combined vertical-deflection- 
oscillator and vertical-deflection-amplifier applications 
in color television receivers. Outlines section, 15D; re¬ 
quires duodecar 12-contact socket. Type 15MF8 is iden¬ 
tical with type 6MF8 except for heater ratings. 



12DZ 


Heater Voltage . 



6 MF 8 

6.3 

15MF8 

14.7 

volts 

Heater Current . 



1.4 

0.6 

amperes 

Heater-Cathode Voltage: 

Peak value . 



±200 max 

±200 max 

volts 

Average value . 



100 max 

100 max 

volts 

Class 

CHARACTERISTICS 

Plate Voltage . 

Ai 

Amplifier 

Triode Beam Power 

Unit Unit 

250 60 250 

volts 

Grid-No.2 (Screen-Grid) Voltage . 


— 

250 

250 

volts 

Grid-No. 1 (Control-Grid) Voltage . 


—4 

0 

—20 

volts 

Plate Current . 


2.6 

200 

50 

mA 

Grid-No.2 Current . 


— 

20 

3.5 

mA 

Transconductance . 


4100 

— 

4100 

/xmhos 

Amplification Factor . 

Plate Resistance (Approx.) . 


58 

14000 

— 

5000 

ohms 

Grid-No.l Voltage for plate current 
of 10 fiA . 


- 6.6 

__ 


volts 

Grid-No.l Voltage for plate current 

of 100 fiA . 


— 

— 

—65 

volts 

Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 

Beam Power 
Triode Unit Unit 

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier 

Plate Voltage . 400 400 

volts 

Peak Positive Pulse Plate Voltage# . 



-—• 

2500 

volts 

Grid-No.2 Voltage . 



— 

300 

volts 

Peak Negative Grid-No.l Voltage . 



400 

— 

volts 

Plate Dissipation* . 



2.5 

12 

watts 

Grid-No.2 Dissipation* . 



— 

2.75 

watts 

Average Cathode Current . 



30 

75 

mA 

Peak Cathode Current . 



105 

260 

mA 

Peak Power Output . 



2.5 

— 

watts 

Bulb Temperature . 



— 

200 

°C 

MAXIMUM CIRCUIT VALUES 

Grid Circuit Resistance : 

For fixed-bias operation . 




1 

megohm 

For cathode-bias operation . 



2.2 

2.2 

megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

* A bias resistor or other means is required to protect the tube in absence of excitation. 
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MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6MG8 


Miniature type used in horizontal-deflection circuits 
and for age-amplifier or sync-separator applications in 
television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. Heater: volts, 6.3; ampere, 
0.45; maximum heater-cathode volts, ±200 peak, 100 
average. 

Class Ai Amplifier 


CHARACTERISTICS 

Triode Unit 

Pentode Unit 


Plate Voltage . 

150 

170 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

— 

170 

volts 

Grid-No.l (Control-Grid) Voltage . 

— 

—2 

volts 

Cathode-Bias Resistor . 

56 

— 

ohms 

Plate Current . 

18 

10 

rnA 

Grid-No.2 Current . 

— 

2.8 

mA 

Transconductance . 

8500 

6200 

/cmhos 

Plate Resistance (Approx.) . 

5 

400 

kohms 

Amplification Factor . 

40 

47 


Grid-No.l Voltage for plate current of 10 jxA . 

—12 

— 

volts 

Horizontal-Deflection Amplifier 



MAXIMUM RATINGS (Design-Maximum Values) 




Plate Voltage . 

330 

330 

volts 

Grid-No.2 Supply Voltage . 

— 

300 

volts 

Plate Dissipation . 

2.5 

2 

watts 

Cathode Current . 

14 

14 

mA 

Grid-No.2 Input: 




For plate dissipation more than 1.2 watts . 

— 

0.5 

watt 

For plate dissipation less than 1.2 watts . 

— 

0.75 

watt 

MAXIMUM CIRCUIT VALUES 




Grid-No.l Circuit Resistance: 




For fixed-bias operation . 

0.5 

0.5 

megohm 

For cathode-bias operation . 

0.5 

1 

megohm 

For replacement use type 6J6A. 


6MHH3 



6MJ6/ 

BEAM POWER TUBE 6LQ6/6JE6C 

24LQ6/24JE6C, 31LQ6 

Novar types used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Out¬ 
lines section, 32C; requires novar 9-contact socket. 
Types 24LQ6/24JE6C, and 31LQ6 are identical with 
type 6MJ6/6LQ6/6JE6C except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No. 

and Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, 
and Grid No .3 . 


6 MJ 6 / 

6 LQ 6 / 6 JE 6 C 

24LQ6/24JE6C 

31LQ6 

6.3 

24 

31 

2.3 

0.6 

0.45 

—• 

11 

11 

±200 max 

±200 max ±200 max 

100 max 

100 max 

100 max 


22 

11 


volts 

amperes 

seconds 

volts 

volts 

pF 

pF 

pF 


Class At Amplifier 


CHARACTERISTICS 

Peak Positive-Pulse Plate Voltage# 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) 

Voltage . 

Grid-No .2 (Screen-Grid) Voltage . . 
Grid-No.l (Control-Grid) Voltage . . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 


Triode* 

Connection 

5000 

Pentode Connection 

volts 

145 


60 

175 

volts 

145 

30 

30 

30 

volts 

145 

145 

145 

volts 

-35 

— 

0 

—35 

volts 


—• 

-—- 

7000 

ohms 

— 

— 

— 

7500 

/i mhos 

— 

— 

710.t 

95 

mA 
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Grid-No.2 Current . 

Grid-No. 1 Voltage for plate current 

— 

— 

55$ 

2.4 

mA 

of 1 mA . 

Amplification Factor . 

2.8 

—125 

— 

—60 

volts 


* Grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket. 
t This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 990 volts 

Peak Positive-Pulse Plate Voltage# . 7500 volts 

Peak Negative-Pulse Plate Voltage . 1100 volts 

Grid-No. 3 Voltage" . 75 volts 

Grid-No.2 Voltage . 220 volts 

Peak Negative-Pulse Grid-No. 1 Voltage . 330 volts 

Peak Cathode Current . 1200 mA 

Average Cathode Current . 350 mA 

Plate DissipationO . 30 watts 

Plate Dissipation (Temporary overload) A . 200 watts 

Grid-No. 2 Input . 5 watts 

Envelope Temperature (At hottest point) . 250 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For grid-No.l-resistor-bias operation . 0.47 megohm 

For plate-pulsed operation (horizontal-deflection circuits only) 10 megohms 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

■ For horizontal-deflection service, a positive voltage may be applied to grid-No.3 to minimize 
“snivets” interference in both vhf and uhf television receivers. A typical value is 30 volts. 

O A bias resistor or other means is required to protect the tube in absence of excitation. 

A Total continuous or accumulated time not to exceed 40 seconds. 



MEDIUM-MU 
TRIPLE TRI0DE 

Duodecar type used in matrixing-amplifier circuits of 
color and black-and-white television receivers. Outlines 
section, 8D; requires duodecar 12-contact socket. 



ptj nc 



Heater Voltage . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid to Plate . 

Grid to Cathode and Heater . . 
Plate to Cathode and Heater 


12HG 

6.3 

0.9 

±200 max 


Unit 

Unit 

100 max 
Unit 

No.l 

No.2 

No.3 

2.8 

2.8 

2.8 

2.9 

2.9 

3 

0.36 

0.6 

0.7 


volts 

ampere 

volts 

volts 


pF 

pF 

pF 
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Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 

Grid Voltage, Positive-bias value . 0 

Plate Dissipation . 3 

CHARACTERISTICS 

Plate Voltage . 250 

Grid Voltage . —10.5 

Plate Current . 10 

Amplification Factor . 17 

Plate Resistance (Approx.) . 5600 

Transconductance . 3000 

Plate Current for grid voltage of —14 volts . 4 

Grid Voltage for plate current of 50 p.A . — 23 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for fixed-bias operation . 1 



O 100 200 300 400 

PLATE VOLTS 92CS-II966TI 


volts 

volts 

watts 


volts 

volts 

mA 

ohms 

iumhos 

mA 

volts 


megohm 


Refer to chart at end of section. 
For replacement use type 6MK8A. 


6MK8 



SHARP-CUTOFF 6MK8A 

TWIN PENTODE 4MK8 

Miniature type used in sync-separator, clipper, age, 
and low-level color-demodulator circuits in television 
receivers. Outlines section, 6E; requires miniature 9- 
contact socket. 


Heater Voltage . 6.3 volts 

Heater Current . 0.3 ampere 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances: 

Grid No.3 to Plate (Each Section) . 2 pF 

Grid No.l to All Electrodes . 6 pF 

Grid No.3 (Each Section) to All Electrodes . 3.6 pF 

Plate (Each Section) to All Electrodes . 3 pF 

Grid No.3 (Section 1) to Grid No.3 (Section 2) . 0.015 max pF 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage (Each Unit) . 300 volts 

Grid-No.3 (Suppressor-Grid) Voltage (Each Unit) 

Peak positive value . 50 volts 

DC negative value . 50 volts 

DC positive value . 3 vc^lts 
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Grid-No.2 (Screen-Grid) Voltage . 150 

Grid-No. 1 (Control-Grid) Voltage, Negative-bias value .. 50 

Cathode Current . 12 

Plate Dissipation (Each Section) . 1.1 

Grid-No.2 Input . 0.75 


MAXIMUM PLATE CURRENT RATIO (Balance): 6MK8A - 1.2 to 1; 4MK8 - 1.3 to 


Plate Voltage . 100 

Grid-No.2 Voltage . 67.5 

Grid-No. 1 Voltage . 67.5 

Grid-No.3 Voltage . 0 

Grid-No.l Resistance . 0.68 

CHARACTERISTICS With One Unit Operating" 

Plate Voltage . 100 100 

Grid-No.3 Voltage . 0 0 

Grid-No.2 Voltage . 67.5 67.5 

Grid-No.l Voltage . 0 * 

Transconductance, Grid No.3 to Plate . — 450 

Transconductance, Grid No.l to Plate . 1100 — 

Plate Current . — 2 

Grid-No.3 Voltage (Approx.) for plate current 

of 100 fiA . — —3.5 

Grid-No.l Voltage (Approx.) for plate current 

of 100 /iA . — —2.3 

With Both Units Operating 

Plate Voltage (Each Unit) . 100 100 

Grid-No.3 Voltage (Each Unit) . —10 0 

Grid-No.2 Voltage . 67.5 67.5 

Grid-No.l Voltage .. * * 

Plate Current (Each Section) . — 2 

Cathode Current . 7.1 8.5 

Grid-No.2 Current . 7 4.4 


AVERAGE TRANSFER CHARACTERISTICS 



16 < 

14 d 

12 s 
UJ 

10 5 

8 GL 

4 O 
2 
0 


£ 4 


100 


TYPE 6MK8A 
e C3 =o VOLTS 

EACH SECTION SEPARATELY WITH PLATE 
AND GRID-NUMBER 3 OF OPPOSITE 

e c 2 = 

67.5 VOLTS 

1 


1IUN t 

inUUNUtU 

E C f V0LTS _ 2 5 

v 

□.5 MIL 
V 

LIAMP 

ZRE^ 


+0.75 - [rrr 

__— -2.25 

+ 0.5 1 

J 



i 


-—— — ^1__._+Q,25 p-r-4- - 

1__ o!io215“-J-- 0 1 \ 

nn«T 1 —-0.25 \ 

0.01 -0.5 \ 

_ r\ 7 C \ 

M 



= 

— 

-m \ 

—15_.-l.25) 

----1.75—!— 


200 300 

PLATE VOLTS 


400 500 

92CS-I9I76T 


volts 

volts 

mA 

watts 

watt 


volts 

volts 

volts 

volts 

megohm 


volts 

volts 

volts 

volts 

/tmhos 

/imhos 

mA 

volts 

volts 


volts 

volts 

volts 

mA 

mA 

mA 
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MAXIMUM CIRCUIT VALUES 

Grid-No.3-Circuit Resistance (Each Unit) . 0.5 megohm 

Grid-No.l-Circuit Resistance . 0.5 megohm 

■ With plate and grid No.3 of other unit grounded. * Grid current adjusted for 100 /iA dc. 

Refer to chart at end of section. 6ML8 



HIGH-MU 
TRIPLE TRIODE 


6MN8 

9MN8 


Duodecar type used for matrix-amplifier applications 
in color television receivers. Outlines section, 8D; re¬ 
quires duodecar 12-contact socket. Type 9MN8 is iden¬ 
tical with type 6MN8 except for heater ratings. 




6MN8 

9MN8 


Heater Voltage . 


6.3 

9.5 

volts 

Heater Current . 


0.9 

0.6 

ampere 




11 

seconds 

Heater-Cathode Voltage: 





Peak value . 


±200 max 

±200 max 

volts 

Average value . 


±100 max 

±100 max 

volts 

Direct Interelectrode Capacitances: 

Unit No.l 

Unit No.2 

Unit No.3 


Grid to Plate . 

. 2.6 

2.6 

2.6 

PF 

Grid to Cathode and Heater . . 

. 4.6 

4.6 

4.6 

pF 

Plate to Cathode and Heater 

. 0.33 

0.57 

0.65 ' 

PF 

Class A, 

Amplifier (Each 

Unit) 




MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, Positive-bias value . 

Plate Dissipation . 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 50 /<A 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for fixed-bias operation 



330 

volts 


0 

volt 


3 

watts 

125 

200 

volts 

—1 

—4 

volts 

47 

40 


6250 

10000 

ohms 

7500 

4000 

H mhos 

11 

4.8 

m A 

— 5 

11 

volts 


I 

megohm 


H 



fe) K P 

g 2p/-v^ / r'— 

_W? 3p 


n~V-b s 

G ip®\\\x\, 


r iY>—-"i 

(9) 

Pt 

9AE 

M; t 


socket. Type 5MQ8 


MEDIUM-MU TRIODE— 6MQ8 

SHARP-CUTOFF PENTODE SM qh 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The pentode unit is used 
in band-pass-amplifier applications. The triode unit is 
used in video-amplifier, sync-separator, color-killer- 
control, matrix-amplifier, and blanker applications. 
Outlines section, 6B; requires miniature 9-contact 
is identical with type 6MQ8 except for heater ratings. 




5MQ8 

6MQ8 


Heater Voltage (ac/dc) . . . 


. 5.6 

6.3 

volts 

Heater Current . 


. 0.6 

0.535 

ampere 

Heater Warm-up Time . 


. 11 

— 

seconds 

Heater Cathode Voltage: 

Peak value . 


. - + -200 max 

±200 max 

volts 

Average value . 

Direct Interelectrode Capacitances: 

100 max 

100 max 

volts 

Triode Unit: 

Grid to Plate . 

Grid to Triode Cathode, 

Pentode 

Cathode, Heater, 

1.7 

pF 

Pentode Grid No.3, and 

Internal 

Shield . 

3 

pF 
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Plate to Triode Cathode, Pentode Cathode, Heater, 


Pentode Grid No.3, and Internal Shield . 1.4 pF 

Pentode Unit: 

Grid No.l to Plate . 0.045 pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield . 7.5 pF 

Plate to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield . .. 2.2 pF 


MAXIMUM RATINGS 


Class Ai Amplifier 

Triode Unit Pentode Unit 


DC Plate Voltage .. 

DC Grid-No.2 (Screen-Grid) Supply Voltage . 

DC Grid-No.2 Voltage .. 

DC Grid-No. 1 (Control-Grid) Voltage, 

Positive-bias value .. 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 336 volts 
Interelectrode Leakage .. 


CHARACTERISTICS 

DC Plate Voltage . 

DC Grid-No.2 Voltage . 

Cathode Resistance . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

DC Plate Current . 

DC Grid-No.2 Current . 

Grid-No.l Voltage for plate current of 100 /jlA 


330 

330 


volts 

— 

330 


volts 

— 

See curve 

page 

300 

0 

0 


volt 

2.7 

2.5 


watts 

_ 

0.55 


watt 

— 

See curve 

page 

300 

100 

100 


megohms 

Triode Unit 

Pentode Unit 


150 

125 


volts 

— 

125 


volts 

56 

62 


ohms 

40 

— 



5 

150 


kohms 

8500 

10000 


/imhos 

18 

12 


mA 

— 

4.5 


mA 

—12 

—7 


volts 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 


0.25 megohms 

0.5 megohms 


6MU8 


MEDIUM-MU TRIODE— 
SEMIREMOTE-CUTOFF 
PENTODE 


Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The pentode unit is used 
in burst-amplifier circuits, and the triode unit as a 
general amplifier tube. Outlines section, 6E; requires 
miniature 9-contact socket. 



9AE 


Heater Voltage . 

Heater Current . 

Heater Warm-up Time 
Heater-Cathode Voltage: 

Peak value . 

Average value 


Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield . 

Plate to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Heater to Triode Cathode . 

Heater to Pentode Cathode . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 



6.3 

volts 


0.6 

ampere 


11 

seconds 


±200 max 

volts 


100 max 

volts 

With 

Without 


Shield 

Shield 


2.2 

2.2 

pF 

3.2 

3 

pF 

3.4 

2.2 

PF 

0.05 

0.05 

pF 

9 

9 

PF 

4.4 

3.6 

PF 

4.8 

4.4 


7.5 

5.5 

PF 

0.2 

0.17 

pF 

0.008 

0.09 

pF 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Grid-No.2 Input . 

Plate Dissipation . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode Bias Resistor . 

Plate Current . 

Grid-No.2 Current . 

Transconductance . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Grid-No.l Voltage (Approx.) for plate current 

of 10 /jlA . 

Grid-No.l Voltage (Approx.) for plate current 

of 20 juA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Unit 

Pentode Unit 


330 

330 

volts 

— 

330 

volts 

— 

See curve page 

300 

0 

0 

volts 

2.5 

3.75 

watts 

— 

1.1 

watts 

Triode Unit 

Pentode Unit 


125 

150 

volts 

— 

150 

volts 

—1 

— 

volts 

— 

150 

ohms 

11.5 

19 

mA 

.— 

4.2 

mA 

6000 

9000 

mhos 

35 

— 


5800 

165000 

ohms 

—5.8 

— 

volts 

— 

—9.5 

volts 


0.5 

0.25 

megohm 

1 

1 

megohm 



9DX 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6MV8 


Miniature type used for general-purpose applications. 
The pentode unit is used as an if-amplifier, and the 
triode unit as a sync-separator or voltage amplifier. 
Outlines section, 6B; requires miniature 9-contact 
socket. Heater: volts, 6.3; ampere, 0.6; maximum heater- 
cathode volts, ±200 peak, 100 average. 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No. 2 (Screen-Grid) Supply Voltage . 

Grid-No. 2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, 

Positive bias value . 

Plate Dissipation . 

Grid-No. 2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No. 2 Voltage . 

Grid-No. 1 Voltage . 


Plate Current . 

Grid-No. 2 Current . 

Transconductance. 

Amplification Factor . 

Plate Resistance (Approx.) . 

Grid-No. 1 Voltage (Approx.) for plate current of 20 fi A 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode 

Pentode 


Unit 

Unit 


330 

330 

volts 

— 

330 

volts 

— 

See curve page 

300 

0 

0 

volts 

1 

2.5 

watts 

— 

0.55 

watts 


250 

125 

volts 

— 

125 

volts 

—2 

—1 

volts 

Triode 

Unit 

2.5 

Pentode 

Unit 

13 

mA 

— 

4 

mA 

4000 

9000 

/imhos 

100 

25000 

150000 

ohms 

—4.5 

—6 

volts 


0.5 

0.25 

megohms 

1 

1 

megohms 


Refer to chart at end of section. 


6N6G 
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6N7 

6N7GT 

6P5GT 

6P7G 

6Q7 

6Q7G 

6Q7GT 

6Q11 

6R7 

6R7G 

6R7GT 

6RHH2 

6RHH8 

6RK19 

6RP22 

6S4 


Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6K11/6Q11. 

Refer to chart at end of section. 

For replacement use type 6BC8/6BZ8. 
For replacement use type 6KN8/6RHH8. 
For replacement use type 6BR3/6RK19. 
Refer to chart at end of section. 
Refer to chart at end of section. 


6S4A MEDIUM-MU TRIODE 

Miniature type used as vertical-deflection amplifier in 
color and black-and-white television receivers. Outlines 
section, 6E; requires miniature 9-contact socket. 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value .. 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


Class A, Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Plate Current for grid voltage of — 15 volts 

Grid Voltage (Approx.) for plate current of 50 /xA . 

Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Positive-Pulse Plate Voltage#. 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation . 



6.3 

volts 

0.6 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

2.4 

pF 

4.2 

PF 

0.6 

P F 

250 

volts 

—8 

volts 

16.5 


3700 

ohms 

4500 

amhos 

24 

mA 

4 

mA 

—22 

volts 


550 

volts 

2200 

volts 

250 

volts 

105 

mA 

30 

mA 

8.5 

watts 
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MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 


Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 

Refer to 

chart 

at 

end 

of 

section. 


6S7 

6S7G 

6S8GT 

6SA7 

6SA7GT 

6SB7Y 

6SC7 

6SF3 

6SF5GT 

6SF7 

6SG7 

6SH7 

6SJ7 

6SJ7GT 

6SK7 

6SK7GT 



HIGH-MU TWIN TRIODE 


6SL7GT 

12SL7GT 


Glass octal type used as phase inverter in radio equip¬ 
ment. Each unit may also be used in resistance-coupled 
amplifier circuits. Outlines section, 13D; requires octal 
socket. Except for the common heater, each triode unit 
is independent of the other. For typical operation as 
phase inverter or resistance-coupled amplifier, refer to Resistance-Coupled 
Amplifier section. Type 12SL7GT is identical with type 6SL7GT except for 
heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) :° 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

With external shield connected to cathode. 


6SL7GT 

12SL7GT 


6.3 

12.6 

volts 

0.3 

0.15 

ampere 

±90 max 

±90 max 

volts 

Unit No.l 

Unit No.2 


2.8 

2.8 

pF 

3 

3.4 

PF 

3.8 

3.2 

pF 


Class A, Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid Voltage, Positive-bias value . 

Plate Dissipation . 


MOO volts 

0 volts 

1 watt 


CHARACTERISTICS 

Plate Voltage . 

Grid Voltage 

Amplification Factor . 

Plate Resistance (Approx.) 

Transconductance . 

Plate Current. 


250 

volts 

—2 

volts 

70 


44000 

ohms 

1600 

/i mhos 

2.M 

mA 
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6SN7GT 

6SN7GTA 


Refer to chart at end of section. 


6SN7GTB MEDIUM-MU TWIN TRIODE 

12SN7GTA 

Glass octal type used as combined vertical oscillator 
and vertical-deflection amplifier, and as horizontal- 
deflection oscillator, in color and black-and-white tele¬ 
vision receivers. Each unit may also be used in multi¬ 
vibrator or resistance-coupled amplifier circuits in 
radio equipment. Outlines section, 13D; requires octal 
socket. Except for the common heater, each triode unit is independent of 
the other. For typical operation as resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section. Type 12SN7GTA is identical with 
type 6SN7GTB except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current. 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Class A, Amplifier (Each 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Cathode Current . 

Plate Dissipation: 

For either plate . 

For both plates with both units operating . 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) .. 

Transconductance . 

Plate Current . 

Plate Current for grid voltage of —12.5 volts . 

Grid Voltage (Approx.) for plate current of 10 /xA . . 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for fixed-bias operation . 


6SN7GTB 12SN7GTA 


6.3 

12.6 

volts 

0.6 

0.3 

ampere 

11 

— 

seconds 

±200 max 

±200 max 

volts 

100 max 

100 max 

volts 

Unit No.l 

Unit No.2 


4.0 

3.8 

pF 

2.2 

2.6 

pF 

0.7 

0.7 

PF 

Unit) 


450 

volts 


20 

mA 


5 

watts 


7.5 

watts 

90 

250 

volts 

0 

—8 

volts 

20 

20 


6700 

7700 

ohms 

3000 

2600 

/imhos 

10 

9 

mA 

— 

1.3 

mA 

—7 

—18 

volts 


1 

megohm 


Oscillator (Each Unit) 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation: 

For either plate . 

For both plates with both units operating 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 


Vertical- 

Horizontal- 


Deflection 

Deflection 


Oscillator 

Oscillator 


450 

450 

volts 

400 

600 

volts 

70 

300 

mA 

20 

20 

mA 

5 

5 

watts 

7.5 

7.5 

watts 

2.2 

2.2 

megohms 


Vertical-Deflection Amplifier (Each Unit) 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 450 

Peak Positive-Pulse Plate Voltage# (Absolute maximum) . 1500* 

Peak Negative-Pulse Grid Voltage . 250 

Peak Cathode Current . 70 


volts 

volts 

volts 

mA 
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Average Cathode Current . 20 mA 

Plate Dissipation : 

For either plate . 5 watts 

For both plates with both units operating . 7.5 watts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 2.2 megohms 


# Pulse duration must not exceed 15% of a vertical cycle (2.5 milliseconds). 
■ Under no circumstances should this absolute value be exceeded. 



PLATE VOLTS 92CS-8322TI 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6AF4A. 

Refer to chart at end of section. 

Refer to chart at end of section. 


6SQ7 

6SQ7GT 

6SR7 

6SS7 

6ST7 

6SZ7 

6T4 

6T7G 

6T8 



6T8A 


TRIPLE DIODE— 

HIGH-MU TRIODE 

5T8, 19T8 

Miniature type used as combined audio amplifier, AM 
detector, and FM detector in AM/FM radio receivers. 
Diode unit No.l is used for AM detection, and diode 
units No.2 and No.3 are used for FM detection. Out¬ 
lines section, 6B; requires miniature 9-contact socket. 
For typical operation as resistance-coupled amplifier, 
refer to Resistance-Coupled Amplifier section. Types 5T8 and 19T8 are 
identical with type 6T8A except for heater ratings. 



5T8 

6T8A 

19T8 


Heater Voltage (ac/dc) . 

4.7 

6.3 

18.9 

volts 

Heater Current . 

_ 0.6 

0.45 

0.15 

ampere 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

11 

11 

11 

seconds 

Peak value .. 

.... ±200 max 

±100 max 

±90 max 

volts 

Average value . 

.... 100 max 


— 

volts 
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Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Internal Shield (pin 7), and 

Heater . 

Plate to Cathode, Internal Shield (pin 7), and 

Heater . 

Diode Units: 

Diode-No. 1 Plate to Cathode, Internal Shield 

(pin 7), and Heater . 

Diode-No.2 Plate to Cathode, Internal Shield 

(pin 3), and Heater . 

Diode-No.3 Plate to Cathode, Internal Shield 

(pin 7), and Heater . 

Diode-No.2 Cathode, Internal Shield (pin 3) to All 

Other Electrodes, and Heater . 

Triode Grid to any Diode Plate . 


Unshielded 

Shielded 


1.7 

1.7 

PF 

1.6 

1.7 

PF 

1.2 

2.4 

PF 

3.8 

3.8 

PF 

3.8 

3.8* 

PF 

3.4 

3.6 

pF 

7.5 

8.5« 

pF 

0.034 max 

0.034 max 

PF 


* With external shield connected to pin 7 except as noted. 

• With external shield connected to pin 3. 

■ With external shield connected to pins 4 and 5. 


Triode Unit as Class A, Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 




Plate Voltage . 


330 

volts 

Grid Voltage, Positive-bias value . 


0 

volts 

Plate Dissipation . 


1.1 

watts 

CHARACTERISTICS 




Plate Voltage . 

100 

250 

volts 

Grid Voltage . 

—1 

—3 

volts 

Amplification Factor . 

70 

70 


Plate Resistance (Approx.) . 

54000 

58000 

ohms 

Transconductance . 

1300 

1200 

/imhos 

Plate Current . 

0.8 

1 

mA 

Diode Units 




MAXIMUM RATING (Design-Maximum Values) 




Plate Current (Each Unit) . 


5.5 

mA 



PLATE VOLTS 92CS-7063T 

Refer to chart at end of section. 


6T10 beam power tube— 

iotio, i2Tio SHARP-CUTOFF PENTODE 

Duodecar type used as combined FM detector and 
audio-frequency output amplifier in color and black- 
and-white television receivers. The beam power unit 
is used in af output stages, and the sharp-cutoff, dual¬ 
control pentode unit is used as an FM detector. Out¬ 
lines section, 8C; requires duodecar 12-contact socket. 
For maximum ratings and characteristics, refer to type 
6AL11. Types 10T10 and 12T10 are identical with type 
0T10 except for heater ratings. 
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6T10 

6.3 

0.95 


10T10 

9.8 

0.6 

11 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) ... 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 

Direct Interelectrode Capacitances: 

Unit No.l: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield . 

Unit No.2: 

Grid No.l to Plate . 

Grid No.3 to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3 and Internal 

Shield .. 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate, and 

Internal Shield . 

Grid No.l to Grid No.3 . 

Plate of Unit No.l to Plate of Unit No.2 . 


12T10 


12.6 

volts 

0.45 

amperes 

11 

seconds 

±200 max 

volts 

100 max 

volts 

0.22 

PF 

11 

PF 

10 

pF 

0.032 

PF 

3 

PF 

6.5 

PF 

7.5 

PF 

0.12 

PF 

0.13 

PF 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6U8A/6KD8. 

For replacement use type 6U8A/6KD8. 


6U5 

6U7G 

6U8 

6U8A 



MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


6U8A/ 

6KD8 

5U8, 9U8A 


Miniature types used as combined oscillator and mixer 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHz. Outlines section, 6B; require miniature 9- 
contact socket. Type 5U8 is identical with type 6U8A/ 
6KD8 except for heater ratings. 


5U8 

6U8A/6KD8 

9U8A 


Heater Voltage (ac/dc) . 4.7 

6.3 

9.45 

volts 

Heater Current . 0.6 

0.45 

0.3 

ampere 

Heater Warm-up Time (Average) . 11 

11 

11 

seconds 

Heater-Cathode Voltage: 

Peak value . 

±200 max 

±200 max 

volts 

Average value . 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 

Unshielded 

Shielded 4 


Triode Unit: 

Grid to Plate . 

1.8 

1.8 

pF 

Grid to Cathode, Heater, Pentode Cathode, 
Pentode Grid No.3, and Internal Shield .... 

2.8 

2.8 

PF 

Plate to Cathode, Heater, Pentode Cathode, 
Pentode Grid No.3, and Internal Shield .... 

1.5 

2 

pF 

Pentode Unit: 

Grid No.l to Plate . 

. 0.010 max 

0.006 max 

pF 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

5 

5 

pF 

Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

2.6 

3.5 

PF 

Triode Cathode to Heater . 

3 

3» 

pF 

Pentode Cathode, Pentode Grid No.3, and 

Internal Shield . . 

3 

3* 

PF 

Pentode Grid No.l to Triode Plate . 

0.2 max 

0.2 max 

PF 

Pentode Plate to Triode Plate . 

0.1 max 

0.02 max 

PF 


A With external shield connected to pin 4 except as noted. 
• With external shield connected to pin 6. 
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Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Voltage .. 

Grid-No2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
20 vA . 


Triode Unit Pentode Unit 

330 330 volts 

— 330 volts 

— See curve page 300 
0 0 volts 

2.5 3 watts 


— 

0.55 

watt 


See curve 

page 300 

125 

125 

volts 

— 

110 

volts 

—1 

40 

—1 

volts 

— 

0.2 

megohm 

7500 

5000 

fimhos 

13.5 

9.5 

mA 

— 

3.5 

mA 

—9. 

—8 

volts 


6U9/ECF201 


Refer to chart at end of section. 


6U10 


THREE-UNIT TRIODE 


Duodecar type used in amplifier applications. Units r ^z 
No.l and No.3 are medium-mu triode units, and unit Xt 0 
No.2 is a high-mu triode unit. Outlines section, 8A; 1 

requires duodecar 12-contact socket. Heater: volts k t , 
(ac/dc), 6.3; amperes, 0.6; warm-up time (average), ' ^ 

11 seconds; maximum heater-cathode volts, ±275 Pt 3 
(peak) for units 1 and 3; ±200 (peak) for unit 2; 

100 (average) for each unit. 



12FE 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

DC Grid Voltage: 

Positive-bias value . 

Negative-bias value . 

Average Cathode Current . 

Plate Dissipation . 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconducta.nce . 

Plate Current . 

Grid Voltage (Approx.) : 

For plate current of 100 fiA . 

For plate current of 35 jx A . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Units Nos. 

Unit 


1 and 3 

No.2 


330 

330 

volts 

0 

0 

volts 

50 

50 

volts 

20 

— 

mA 

2 

1 

watts 


200 

200 

volts 

—6 

—1.5 

volts 

17.5 

90 


7700 

61000 

ohms 

2300 

1600 

jimhos 

9.6 

1.2 

mA 

—15 

_ 

volts 

— 

—3 

volts 


1 

0.5 

megohm 

2.2 

1* 

megohms 


* This value may reach 10 megohms provided the plate-supply voltage and load resistance 
are such that the plate dissipation can never exceed 0.5 watt. 


6V3A 


Refer to chart at end of section. 
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6V6 

6V6GTA 


7AC 


BEAM POWER TUBE 12V6GT 

Metal type 6V6 and glass octal type 6V6GTA are used 
as output amplifiers in automobile, battery-operated, 
and other receivers in which reduced plate-current 
drain is desirable. Outlines section, 2B and 13D, re¬ 
spectively; require octal socket. These tubes are equiva¬ 
lent in performance to type 6AQ5A. Refer to type 6AQ5A for average 
plate characteristic curves. Type 
except for heater ratings. 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and 

Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, and 
Grid No.3 . 

1 With shell connected to cathode. 


3GT is identical with type 

6V6GTA 

6V6 

6V6GTA 

12V6GT 


6.3 

6.3 

12.6 

volts 

0.45 

0.45 

0.225 

ampere 

— 

11 

— 

seconds 

±200 max 

±200 max 

±200 max 

volts 

100 max 

100 max 

100 max 

volts 


6V6° 

6V6GTA 



0.3 

0.7 

pF 

and 

| 

10 

9 

PF 

l 

11 

7.5 

PF 


Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . . 

Grid-No.2 (Screen-Grid) Voltage . 

Plate Dissipation . 

Grid-No.2 Input . 


350 

volts 

315 

volts 

14 

watts 

2.2 

watts 


TYPICAL OPERATION 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage 

Peak AF Grid-No.1 Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current 

Plate Resistance (Approx.) . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output 


180 

250 

315 

volts 

180 

250 

225 

volts 

—8.5 

—12.5 

—13 

volts 

8.5 

12.5 

13 

volts 

29 

45 

34 

mA 

30 

47 

35 

mA 

3 

4.5 

2.2 

mA 

4 

7 

6 

mA 

50000 

50000 

80000 

ohms 

3700 

4100 

3750 

/imhos 

5500 

5000 

8500 

ohms 

8 

8 

12 

per cent 

2 

4.5 

5.5 

watts 


CHARACTERISTICS (Triode Connection)A 

Plate Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

250 

. . . —12.5 

9.8 

1960 

5000 

volts 

volts 

ohms 

/imhos 

mA 

Plate Current . 

49.5 

Grid-No.l Voltage (Approx.) for plate current of 0.5 mA . 

A Grid No.2 connected to plate. 

—36 

volts 


Push-Pull Class Ai Amplifier 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 

Peak AF Grid-No.1-to-Grid-No.l Voltage 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 


250 

285 

volts 

250 

285 

volts 

—15 

-19 

volts 

30 

38 

volts 

70 

70 

mA 

79 

92 

mA 

5 

4 

mA 

13 

13.5 

mA 
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Effective Load Resistance (Plate-to-Plate) . 

10000 

8000 

ohms 

Total Harmonic Distortion . 

5 

3.5 

per cent 

Maximum-Signal Power Output . 

10 

14 

watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 


0.1 

megohm 

For cathode-bias operation . 


0.5 

megohm 


Vertical-Deflection Amplifier (Triode Connection)* 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 350 volts 

Peak Positive-Pulse Plate Voltage# . 1200 volts 

Peak Negative-Pulse Grid-No. 1 (Control-Grid) Voltage . 275 volts 

Peak Cathode Current . 115 mA 

Average Cathode Current . 40 mA 

Plate Dissipation . 10 watts 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance, for cathode-bias operation . 2.2 megohms 

A Grid No.2 connected to plate. 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 


6V6GT 

Refer 

6V6GTY 

Refer 

6V7G 

Refer 

6W4GT 

Refer 


to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section. 


6W6GT 


BEAM POWER TUBE 

in the audio output stage 


of 


12W6GT 

Glass octal type used 

radio and color and black-and-white television re¬ 
ceivers. Triode-connected, it is used as a vertical-de¬ 
flection amplifier in television receivers. Outlines sec¬ 
tion, 13D; requires octal socket. This type may be 
supplied with pin No.l omitted. Type 12W6GT is identi¬ 
cal with type 6W6GT except for heater ratings. 



6W6GT 


Heater Voltage (ac/dc) . 6.3 

Heater Current . 1.2 

Heater Warm-up Time (Average) . — 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 


12W6GT 

12.6 

0.6 

11 

I +200 max 
1 —300 max 
J +100 max 
[ —200 max 


0.8 

15 

9 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 


Class A x Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Plate Dissipation . 

Grid-No.2 Input . 

TYPICAL OPERATION 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 

Cathode-Bias Resistor . 

Peak AF Grid-No.1 Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Plate Resistance (Approx.) . 


330 

volts 

165 

volts 

12 

watts 

1.35 

watts 


110 

110 

—7.5 

7.5 

49 

50 
4 

10 

13000 


200 

125 

180 

8.5 

46 

47 
2.2 
8.5 

28000 


volts 

volts 

volts 

ohms 

volts 

mA 

mA 

mA 

mA 

ohms 




































Technical Data 


389 


Transconductance . 8000 

Load Resistance . 2000 

Total Harmonic Distortion (Approx.) . 10 

Maximum-Signal Power Output . 2.1 


CHARACTERISTICS (Tnode Connection)* 

Plate Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid No.l Voltage (Approx.) for plate current of 0.5 mA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

* Grid No.2 connected to plate. 

Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


Triode 

MAXIMUM RATINGS (Design-Maximum Values) Connection* 

DC Plate Voltage . 330 

Peak Positive-Pulse Plate Voltage# . 1200 

DC Grid No.2 (Screen-Grid) Voltage . — 

Peak Negative-Pulse Grid-No.l Voltage . 275 

Peak Cathode Current . 195 

Average Cathode Current . 65 

Plate Dissipation . 8.5 

Grid-No.2 Input . — 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance, for cathode-bias operation 2.2 


* Grid No.2 connected to plate. 

# Pulse duration must not exceed 15% of a vertical scanning cycle 


8000 

4000 

10 

3.8 


225 

—30 

6.2 

1600 

3800 

22 

—42 


0.1 

0.5 


Pentode 

Connection 

330 

1500 

165 

275 

195 

65 

8 

1.2 


2.2 


/imhos 
ohms 
per cent 
watts 

volts 

volts 

ohms 

/imhos 

mA 

volts 


megohm 

megohm 


volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

megohms 


(2.5 milliseconds). 



Refer to chart at end of section. 


6W7G 



FULL-WAVE 6X4 

VACUUM RECTIFIER 12X4 

Miniature type used in power supply of automobile 
and ac-operated radio receivers. Equivalent in perfor¬ 
mance to larger type 6X5GT. Outlines section, 5D; re¬ 
quires miniature 7-contact socket. This tube, like other 
power-handling tubes, should be adequately venti- 


5BS lated. For discussion of Rating Chart and Operation 

Characteristics, refer to Interpretation of Tube Data. Type 12X4 is iden¬ 
tical with type 6X4 except for heater ratings. 
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6X4 12X4 

Heater Voltage (ac/dc) . 6.3 A 12.6 volts 

Heater Current . 0.6 0.3 ampere 

Heater-Cathode Voltage: 

Peak value . +200, —450 max volts 

Average value . 100 max volts 

A When the heater is operated from a 3-cell (nominal-6-volt) storage-battery source, the per¬ 
missible heater-voltage range is from 5 to 8 volts. 

Full-Wave Rectifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage . 1250 volts 

Steady-State Peak Plate Current (Per Plate) . 245 mA 

AC Plate Supply Voltage (Per Plate, rms) . See Rating Chart 

DC Output Voltage (At filter input) f . 350 volts 

Average Output Current (Each plate) f . 45 mA 

Hot-Switching Transient Plate Current . # 


t This rating applies when the 6X4 is used in vibrator operation with a minimum duty cycle 
of 76 per cent. 

# If hot-switching is regularly required in operation, the use of choke-input circuits is recom¬ 
mended. Such circuits limit the hot-switching current to a value no higher than that of the 
peak plate current. When capacitor-input circuits are used, a maximum peak current value 
per plate of 1.1 amperes during the initial cycles of the hot-switching transient should not 
be exceeded. 


OPERATION CHARACTERISTICS 


OPERATION CHARACTERISTICS 



TYPICAL OPERATION 

Filter Input 

AC Plate Supply Voltage (Each 

plate, rms) • . . 

Sine Wave Operation 
Capacitor Choke 

325 400 

Vibrator 

Operation 

Capacitor 

volts 

Filter Input Capacitor . 

10 

— 

10 

HF 

Effective Plate Supply Impedance 

(Each plate) . . 

525 

— 

— 

ohms 

Filter Input Choke . 

— 

10 

— 

henries 

Average Output Current . 


70 

70 

70 

mA 

DC Output Voltage at Input to 

Filter (Approx.) 

310 

340 

240 

volts 


• AC plate supply voltage is measured without load. 
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RATING CHART 


-,-1- 

TYPE 6X4 

Ei * 6.3 VOLTS 

MAXIMUM 

-1-1 1 

OPERATING VALUES WITH: 
-INPUT FILTER 

CIT0R-INPUT FILTER 


FA 45 

f 

c 

HOKE 
r CAP/ 


1 


J 



. _ 



-U£- 

1 

1 

— 

— 

hi 


C 




1 

-I- 2 -- 

1 

— 

— 

i 

__i__ 


0 




1 

1 

1 



i 

i 

i 






1 

1 

l ,27 



i 

i 

l35 

0 G 

45C 

) 




0 100 200 300 400 500 

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

*IC$-*0Z9T* 


Refer to chart at end of section. 6X4W 

Refer to chart at end of section. 6X5 



FULL-WAVE 
VACUUM RECTIFIER 


6X5GT 


Glass octal type used in power supply of automobile 
and ac-operated receivers. Outlines section, 13D; re¬ 
quires octal socket. This type may be supplied with 
pin No.l omitted. For maximum ratings, and typical 
operation, refer to type 6X4. 


Refer to chart at end of section. 


6X8 



MEDIUM-MU TRIODE— 6X8A 

SHARP-CUTOFF PENTODE sxs, wxs 

Miniature type used as combined oscillator and mixer 
tube in television receivers utilizing an intermediate 
frequency in the order of 40 MHz and in AM/FM re¬ 
ceivers. Outlines section, 6B; requires miniature 9-con¬ 
tact socket. Types 5X8 and 19X8 are identical with 
type 6X8A except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and 

Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 . 

Pentode Grid No.l to Triode Plate . 

Pentode Plate to Triode Plate . 

Heater to Cathode . 


5X8 

6X8A 

19X8 


4.7 

6.3 

18.4 

volts 

0.6 

0.45 

0.15 

ampere 

11 

11 

— 

seconds 

=200 

max ±200 max ±200 max 

volts 

100 max 100 max 100 max 

volts 

Unshielded 

Shielded* 



1.5 

1.5 

pF 


2 

2.4 

PF 


0.5 

1 

PF 


0.09 max 

0.06 max 

PF 


4.6 

4.8 

pF 


0.9 

1.6 

PF 


0.05 max 

0.04 max 

PF 


0.05 max 

0.008 max 

pF 


6.5 

6.5* 

PF 
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k With external shield connected to cathode except as noted. 
• Wilth external shield connected to pentode plate. 


Class A x Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage .-. 

Grid No.2 (Screen-Grid) Supply Voltage . 

Grid-No. 2 Voltage .. 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts . 

For grid-No.2 voltages between 137.5 and 275 volts 

CHARACTERISTICS 

Plate Voltage . 

Grid No. 3 . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 
20 fiA .. 


Triode Unit Pentode Unit 


275 

275 


volts 

— 

275 


volts 

— 

See curve 

page 

300 

0 

0 


volts 

1.7 

2.3 


watts 

_ 

0.45 


watt 


See curve 

page 

300 

125 

125 


volts 

Connected to cathode at socket 

— 

125 


volts 

—1 

—1 


volt 

40 

— 



6000 

300000 


ohms 

6500 

5500 


iimhos 

12 

9 


mA 

— 

2.2 


mA 

—7 

—6.5 


volts 




6X9/ 

ECF200 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 


Miniature type used as if-amplifier tube in television 
receivers. Outlines section 6B, except has 10-pin base; 
requires miniature 10-contact socket. 


Heater Voltage . 

Heater Current. 

Peak Heater-Cathode Voltage . .... 

Direct Interelectrode Capacitances: 

Triode Unit: 

Plate to All Other Elements (except grid) . 

Grid to All Other Elements (except plate) . 

Plate to Grid. 

Pentode Unit: 

Plate to All Other Elements (except grid No.l) 
Grid No.l to All Other Elements (except plate) 

Grid No.l to Cathode . 

Plate to Grid No.l . 

Grid No.l to Grid No.2 . 


H H 


G3p,1S (5)_(6) 

^ Pp 

"y 

< 7 ) 



e'pgjV-zizJjI 

Sj© G2p 


PD p r 

--"I 


kt 

Gj 

10K 


6.3 

volts 

0.41 

ampere 

±150 max 

volts 

3 

pF 

2.5 

pF 

2 

PF 

3.5 

pF 

6.5 

pF 

4 

PF 

<6.5 

pF 

1.8 

pF 
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Pentode Grid No.l to Triode Plate. 15 pF 

Pentode Grid No.l to Triode Grid . <1.2 pF 

Pentode Plate to Triode Plate. <1.5 pF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Plate Voltage . 

Peak Plate Voltage* . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Mu Factor, Grid-No.l to Grid-No.2 . 

Amplification Factor . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance . 


Triode Unit Pentode Unit 


550 

550 

volts 

250 

250 

volts 

600 

— 

volts 

— 

550 

volts 

— 

250 

volts 

18 

18 

m A 

1.5 

2.1 

watts 

— 

0.7 

watt 

170 

160 

volts 

— 

0 

volts 

— 

135 

volts 

—1 

—1.7 

volts 

— 

55 


55 

— 


4800 

14000 

/imhos 

8.5 

13 

raA 

— 

5 

mA 

1 

1 

megohm 


• With a maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 


Refer to chart at end of section. 


6Y5 



7AC 


BEAM POWER TUBE 


6Y6GA/ 

6Y6G 


Glass octal type used as output amplifier in radio re¬ 
ceivers and in rf-operated, high-voltage power supplies 
in television equipment. Outlines section, 19B; requires 
octal socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . . . 


6.3 volts 

1.25 amperes 

±180 max volts 

0.7 pF 

12 pF 

7.5 pF 


Class A, Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 100 volts . 

For grid-No.2 voltages between 100 and 200 volts . . 


TYPICAL OPERATION 

Plate Voltage . 135 

Grid-No.2 Voltage 135 

Grid-No.l (Control-Grid) Voltage . —13.5 

Peak AF Grid-No.l Voltage . 13.5 

Zero-Signal Plate Current . 58 

Maximum-Signal Plate Current . 60 

Zero-Signal Grid-No.2 Current . 3.5 

Maximum-Signal Grid-No.2 Current . 11.5 

Plate Resistance (Approx.) . 9300 

Transconductance . 7000 

Load Resistance . 2000 

Total Harmonic Distortion . 10 

Maximum-Signal Power Output . 3.6 


200 

volts 

200 

volts 

See 

curve page 300 

12.5 

watts 

1.75 

watts 

See 

curve page 300 

200 

volts 

135 

volts 

—14 

volts 

14 

volts 

61 

mA 

66 

mA 

2.2 

mA 

9 

mA 

18300 

ohms 

7100 

/imhos 

2600 

ohms 

10 

per cent 

6 

watts 
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MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.1 megohm 

For cathode-bias operation . 0.5 megohm 

For replacement use type 6Y6GA/6Y6G. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6Y9/EFL200. 


6Y6GT 

6Y7G 

6Y9 


6Y9/EFL200 

17Y9 DUAL PENTODE 

Miniature type for use in color and black-and-white 
television receiver applications. Unit No. 1 is used as 
a video output pentode, and unit No. 2 as a sound if 
amplifier, age amplifier, or sync separator. Outlines 
section, 6L, except has 10-pin base; requires minia¬ 
ture 10-contact socket. Type 17Y9 is identical with type 
6Y9/EFL200 except for heater ratings. 



6Y9/ 

EFL200 17Y9 


Heater Voltage . 6.3 16.5 

Heater Current . 0.8 0.3 

Peak Heater-Cathode Voltage . ±200 ±200 

Direct Interelectrode Capacitances: 

Unit No.l: 

Plate to All Other Elements (except grid No.l) . 7 

Grid No.l to All Other Elements (except plate) . 12 

Plate to Grid No.l . 95 

Unit No.2 : 

Plate to All Other Elements (except grid No.l) . 11 

Grid No.l to All Other Elements (except plate) . 10 

Plate to Grid No.l . 140 

Grid No.l to Heater . <100 

Plate to Plate . <150 

Grid to Grid . <10 

Plate (Unit No.l) to Grid No.l (Unit No.2) . <100 

Plate (Unit No.2) to Grid No.l (Unit No.2) . <5 


volts 

ampere 

volts 


pF 

pF 

PF 

PF 

pF 

PF 

pF 

pF 

pF 

pF 

pF 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage. 

Grid-No.2 Voltage . 

Grid-No.1 (Control-Grid) Voltage . 

Mu Factor, Grid-No.1 to Grid-No.2 . 

Internal Resistance . 

Transconductance . 

Plate Current . 

Grid-No.2 Current .. 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance . 


Unit No.l 

Unit No.2 


550 

550 

volts 

250 

250 

volts 

550 

550 

volts 

250 

250 

volts 

60 

15 

mA 

5 

1.5 

watts 

2.5 

0.5 

watts 

170 

150 

volts 

170 

150 

volts 

—2.6 

—2.3 

volts 

38 

35 


40 

160 

kohms 

21000 

8500 

/imhos 

30 

10 

mA 

6.5 

3 

mA 

1 

1 

megohm 


6Z4 


Refer to chart at end of section. 
For replacement use type 84/6Z4. 


6Z5 


Refer to chart at end of section. 


6Z7G Refer to chart at end of section. 

6Z10 Refer to chart at end of section. 
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POWER PENTODE— 
GATED-BEAM 
DISCRIMINATOR 


6Z10/6J10 

10Z10, 13Z10/13J10 


Duodecar types used as a combined limiter, discrimi¬ 
nator, and audio power-output tube in FM radio and 
television receivers. Outlines section, 8C; require 
duodecar 12-contact socket. Types 10Z10, and 13Z10/ 
13J10 are identical with type 6Z10/6J10 except for 
heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


6Z10/6J10 

6.3 

0.95 


±200 max 
100 max 


10Z10 

10 

0.6 

11 

±200 max 
100 max 


13Z10/13J10 

13.2 

0.45 

11 

±200 max 
100 max 


Direct Interelectrode Capacitances: 

Pentode Unit: 

Grid No.l to Grid No.3 . 0.009 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, Plate, 

and Internal Shield . 4.4 

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate, 

and Internal Shield . 3.2 

Beam Power Unit: 

Grid No.l to Plate . 0.22 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 11 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 7.5 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 


pF 

pF 

pF 


Gated-Beam Unit as Limiter and Discriminator 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage, Peak positive value .. 

Average Cathode Current . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid No. 1 (Control-Grid) Voltage . 

Grid-No.2 Resistor . 

Transconductance, Grid No.l to Plate . 

Transconductance, Grid No.3 to Plate . 

Average Plate Current . 

Grid-No.2 Current . .. 

Grid No.l Voltage (Approx.) for plate current of 

20 fiA . 

Grid No.3 Voltage (Approx.) for plate current of 
20 jxA . 


330 volts 

330 volts 

60 volts 

13 mA 


135 

135 

135 

volts 

4 

4 

0 

volts 

— 

280 

280 

volts 

75 

— 

.— 

volts 

0 

0 

0 

volts 

— 

33 

33 

kohms 

— 

— 

360 

//.mhos 

— 

— 

700 

/imhos 

— 

5 

— 

mA 

4.5 

— 

— 

mA 

— 

— 

—4 

volts 

— 

— 

—4 

volts 


Pentode Unit as Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 275 volts 

Grid-No.2 (Screen-Grid) Voltage . 275 volts 

Plate Dissipation . 10 watts 

Grid-No.2 Input . 2 watts 

TYPICAL OPERATION 

Plate Voltage . 250 volts 

Grid-No.2 Voltage . 250 volts 

Grid-No.l (Control-Grid) Voltage . —8 volts 

Peak AF Grid-No.l Voltage. 8 volts 

Zero-Signal Plate Current . 35 mA 

Maximum-Signal Plate Current . 39 mA 

Zero-Signal Grid-No.2 Current . 3 mA 

Maximum-Signal Grid-No.2 Current . 13 mA 

Plate Resistance (Approx.) . 0.1 megohm 

Transconductance . 6500 /imhos 

Load Resistance . 5000 ohms 

Total Harmonic Distortion (Approx.) . . 8.5 per cent 

Maximum-Signal Power Output . 4.2 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 0.5 megohm 
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6ZY5G 

7A4 

7A5 

7A6 

7A7 

7A8 

7AD7 

7AF7 

7AG7 

7AH7 

7AU7 

7B4 

7B5 

7B6 

7B7 

7B8 

7C5 

7C6 

7C7 

7DJ8/PCC88 

7E6 

7E7 

7EY6 

7F7 

7F8 

7G7 

7GS7 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 12AU7A. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to type 6GS7. 
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Refer to chart at end of section. 7H7 

Refer to chart at end of section. 7HG8 

Refer to type 6HG8/ECF86. 7HG8/PCF86 

Refer to chart at end of section. 7J7 

Refer to chart at end of section. 7K7 



SHARP-CUTOFF PENTODE 


7KY6 


Miniature type with frame grid used as video output 
amplifier in color and black-and-white television receiv¬ 
ers. Outlines secton, 6E; requires miniature 9-contact 
socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield . 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value . . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 volts . . . 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.3 Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Supply Voltage . 


7.3 

volts 

0.45 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

0.16 max 

PF 

14 

PF 

6 

PF 


330 volts 

330 volts 

See curve page 300 
0 volts 

9 watts 

1 watt 

See curve page 300 


. 200 volts 

Connected to cathode at socket 

. 135 volts 

. 0 volts 



PLATE VOLTS 


92CS- I3833T! 
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Cathode-Bias Resistor . 

Plate Resistance (Approx.) 

. 47 

. 40000 

. 30000 

ohms 

ohms 

fimhos 

mA 


. 30 


. 5.2 

mA 

Grid-No.l Voltage (Approx.) for plate current of 100 jiA . —4.5 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

volts 

For fixed-bias operation . . 

. 0.1 

megohm 

For cathode-bias operation 

. 0.25 

megohm 

7KZ6 

Refer to chart at end of section. 


7L7 

Refer to chart at end of section. 


7N7 

Refer to chart at end of section. 


7Q7 

Refer to chart at end of section. 


7R7 

Refer to chart at end of section. 


7S7 

Refer to chart at end of section. 


7V7 

Refer to chart at end of section. 


7W7 

Refer to chart at end of section. 


7X7 

Refer to chart at end of section. 


7Y4 

Refer to chart at end of section. 


7Z4 

Refer to chart at end of section. 


8A8 

For replacement use type 9A8/PCF80. 


8 AC 10 

Refer to type 6AC10. 


8AL9 

Refer to chart at end of section. 


8AR11 

Refer to type 6AR11. 


8AU8 

Refer to chart at end of section. 


8AW8A 

Refer to type 6AW8A. 


8B8 

Refer to type 16A8/PCL82. 


8B10 

Refer to type 6B10. 


8BA8A 

Refer to type 6BA8A. 


8BA11 

Refer to type 6BA11. 


8BH8 

Refer to chart at end of section. 
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DUAL PENTODE 8BM11 

Duodecar type used as if amplifier in television re¬ 
ceivers. Unit No.l is a semiremote-cutoff pentode, and 
unit No. 2 is a sharp-cutoff pentode. Outlines section, 
8B; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), 8.4; amperes, 0.45; maximum heater-cathode 
volts, ±200 peak, 100 average. 


Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage . 

Grid-No.2 (Screen-Grid) Voltage. 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input. 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 . 

Grid-No.2 Voltage. 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.1 Voltage (Approx.) for plate current of 

20 ti A . 

Grid-No.1 Voltage (Approx.) for transconductance of 

50 /zmho. 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance, for cathode-bias 
operation . 


Unit No.l 

Unit No.2 


160 

160 

volts 

0 

0 

volts 

160 

160 

volts 

0 

0 

volts 

2.2 

2.2 

watts 

0.55 

0.55 

watt 

125 

125 

volts 

Connected to cathode at socket 

125 

125 

volts 

56 

120 

ohms 

220000 

300000 

ohms 

8800 

8500 

/imhos 

14 

9 

mA 

3.6 

2.5 

m A 

- 

—5.5 

volts 

—16.5 

- 

volts 

1 

0.25 

megohm 


Refer to type 6BN8. 

Refer to chart at end of section. 
Refer to type 6BQ5. 


8BN8 

8BN11 

8BQ5 


Kp 2 


G3p! 

IS 



12DM 


SEMIREMOTE-CUTOFF 8BQ11 

DUAL PENTODE I1BQII, 16BQ1I 

Duodecar type used as intermediate-frequency ampli¬ 
fier in television receivers. Outlines section, 8B; re¬ 
quires duodecar 12-contact socket. Types 11BQ11 and 
16BQ11 are identical with type 8BQ11 except for heater 
ratings. 


Heater Voltage (ac/dc) . 


8BQ11 

8.4 

11BQ11 

11.2 

16BQ11 

16 

volts 

Heater Current . 


0.6 

0.45 

0.315 

ampere 

Heater Warm-up Time (Average) 


11 

11 

11 

seconds 

Heater-Cathode Voltage: 

Peak value . 


±200 max 

±200 max 

±200 max 

volts 

Average value . 


100 max 

100 max 

100 max 

volts 

Direct Interelectrode Capacitances: 
Grid No.l to Plate . 



Unit No.l 

0.022 

Unit No.2 

0.024 

pF 

Grid No.l to Cathode, Heater, 
Grid No.3, and Internal Shield 

Grid 

No.2, 

10 


pF 

Plate to Cathode, Heater, Grid 
and Internal Shield . 

No.2, 

Grid No.3, 

2.8 


pF 

Grid No.l to Cathode, Heater, 
Grid No.3, Grid No.3 of 
Internal Shield . 

Grid 

Unit 

No.2, 

No.l, and 


11 

pF 
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Plate to Cathode, Heater, Grid No.2, Grid No.3, 

Grid No.3 of Unit No.l, and Internal Shield . 2.8 pF 

Plate of Unit No.l to Plate of Unit No.2 .0.015 pF 

Grid No.l of Unit No.l to Plate of Unit No.2 .0.002 pF 

Grid No.l of Unit No.2 to Plate of Unit No.l .0.008 pF 

Grid No.l of Unit No.l to Grid No.l of Unit No.2 .0.002 pF 


Class A l Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage. 

Grid-No.3 (Suppressor-Grid) Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts. 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid No.3 . 

Grid-No.2 Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Appi'ox.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current 

of 20 fiA . 

Grid-No.l Voltage (Approx.) for transconductance 

of 60 /imho . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance, for cathode-bias 
operation .. 


Unit No.l Unit No.2 


330 

330 

volts 

0 

0 

volts 

330 

330 

volts 

See 

curve page 300 


0 

0 

volts 

3.1 

3.1 

watts 

0.65 

0.65 

watt 

See 

curve page 300 


125 

125 

volts 

Connected to cathode at socket 

125 

125 

volts 

56 

56 

ohms 

0.2 

0.2 

megohm 

10500 

13000 

/tmhos 

11 

11 

mA 

3.5 

3.8 

mA 

— 

—3 

volts 

—15 

— 

volts 

1 

0.25 

megohm 


8BU11 


MEDIUM-MU TWIN TRIODE— 
SHARP-CUTOFF PENTODE 


Duodecar type used in television receiver applications. 
Outlines section, 8C; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 7.8; amperes, 0.6; warm¬ 
up time, 11 seconds, maximum heater-cathode volts, 
±200 peak, 100 average. 



12FP 


Class A t Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage. 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage. ;••••. . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts. 

For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor ... 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid Voltage (Approx.) for plate current of 100 /iA 
Grid-No.l Voltage (Approx.) for plate current 

of 30 fiA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation .. 

For cathode-bias operation . 


Each 


Pentode Unit 

Triode Unit 


330 

330 

volts 

330 

— 

volts 

See curve page 300 — 


0 

0 

volts 

2.5 

1.8 

watts 

0.55 

_ 

watt 

See curve page 300 — 


125 

125 

volts 

125 

_ 

volts 

—1 

_ 

volts 


68 

ohms 

— 

43 


200000 

50000 

ohms 

7500 

8600 

fi mhos 

12 

13.5 

mA 

4 

— 

mA 

— 

—8 

volts 

—8 

— 

volts 

0.5 

0.5 

megohm 

1 

1 

megohm 
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Refer to chart at end of section. 
For replacement use type 8FQ7/8CG7. 
Refer to type 6CM7. 

Refer to chart at end of section. 
Refer to type 6CS7. 

Refer to type 6CW5/EL86. 

Refer to type 6CW5. 

Refer to type 6CX8. 

Refer to chart at end of section. 
For replacement use type 8GN8/8EB8. 

Refer to type 6EM5. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6FQ7/6CG7. 

Refer to chart at end of section. 
Refer to type 6GJ7/ECF801. 

Refer to type 6GN8. 

Refer to type 6GU7. 

Refer to type 6JU8A. 

Refer to type 6JV8. 

Refer to type 6KA8. 

Refer to type 6LC8. 

Refer to type 6LT8. 

Refer to chart at end of section. 


8CB11 

8CG7 

8CM7 

8CN7 

8CS7 

8CW5/XL86 

8CW5 

8CX8 

8EB8 

8EM5 

8ET7 

8FQ7 

8FQ7/8CG7 

8GJ7 

8GJ7/PCF801 

8GN8 

8GN8/8EB8 

8GU7 

8JU8A 

8JV8 

8KA8 

8LC8 

8LT8 

9A8 



MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


9A8/ 

PCF80 


Miniature type used as combined oscillator and mixer 
9DC tubes in vhf color and black-and-white television re¬ 

ceivers. Outlines section, 6B; requires miniature 9-contact socket. Heater: 
volts (ac/dc), 9; amperes, 0.3; maximum heater-cathode volts, +100, —200 
peak; —120 average. 

Class A l Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Supply Voltage . 

Triode Unit 
550 

Pentode Unit 
650 

volts 

Plate Voltage . 

250 

250 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

. .. — 

175 

volts 

Cathode Current . 

14 

14 

mA 

Plate Dissipation . 

1.5 

1.7 

watts 

Grid-No.2 Input . 

— 

0.5 

watt 
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CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . . . 

Transconductance . 

Plate Current . 

Grid-No 2 Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 
* Grid No.2 to Grid No.l. 


100 

170 

volts 

— 

170 

volts 

—2 

—2 

volts 

20 

47* 


— 

0.4 

megohm 

5000 

6200 

fim hos 

14 

10 

mA 

— 

2.8 

mA 


0.5 

0.5 

megohm 

0.5 

1 

megohm 


9AH9 
9AK10 
9 AM TO 
9AQ8/PCC85 
9AU7 
9BJ11 
9BR7 
9CL8 
9EA8 
9GH8A 
9GV8 

9GV8/XCL85 

9JW8/PCF802 

9KC6 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 12AU7A. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6GH8A. 

Refer to chart at end of section. 
Refer to type 6GV8/ECL85. 
Refer to type 6JW8/ECF802. 
Refer to chart at end of section. 


9KX6 SHARP-CUTOFF PENTODE 

Miniature type with frame grid used as video output 
amplifier in color and black-and-white television receiv¬ 
ers. Outlines section, 6E; requires miniature 9-contact 
socket. Heater: volts, 8.7; amperes, 0.45; warm-up 
time, 11 seconds; maximum heater-cathode volts, ±200 
peak, 100 average. 



Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive value . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.3 Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Voltage . 


400 volts 

0 volts 

330 volts 

See curve page 300 
0 volts 

11.5 watts 

1.5 watts 


250 50 volts 

Connected to cathode at socket 
150 125 volts 

0 0 volts 
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Cathode-Bias Resistor, Bypassed . 

Plate Resistance (Approx.) . 

Transconductance (Grid No.l to Plate) . 

Plate Current . 

Grid-No.2 Current . 

Grid-No. 1 Voltage (Approx.) for plate current 
of 100 /xA 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 
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56 — ohms 

50000 — ohms 

36000 — /imhos 

28 70 mA 

6.5 24 mA 

—5.7 — volts 


0.1 megohm 

0.25 megohm 


Refer to type 6KZ8. 

9KZ8 

Refer to chart at end of section. 

9LA6 

Refer to type 6MN8. 

9MN8 

For replacement use type 10DE7. 

9RAL1 

Refer to type 6U8A. 

9U8A 

Refer to chart at end of section. 

10 

Refer to type 6AL11. 

10AL11 

Refer to type 6BQ5. 

10BQ5 

Refer to chart at end of section. 

10C8 

Refer to chart at end of section. 

10CW5 

Refer to type 6CW5/EL86. 

10CW5/LL86 

Refer to type 6DE7. 

10DE7 

Refer to type 6DR7. 

10DR7 

Refer to chart at end of section. 

10DX8 

Refer to type 6DX8/ECL84. 

10DX8/LCL84 

Refer to chart at end of section. 

10EG7 

Refer to type 6EM7. 

10EM7 

Refer to type 6EW7. 

10EW7 

Refer to chart at end of section. 

10GF7 

Refer to type 6GF7A. 

10GF7A 

Refer to type 6GK6. 

10GK6 

Refer to type 6GN8. 

10GN8 

Refer to type 6GV8/ECL85. 

10GV8/LCL85 

Refer to type 6HF8. 

10HF8 

Refer to chart at end of section. 

10JA5 

Refer to type 10JA8/10LZ8 

10JA8 
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10JA8/ 

10LZ8 


HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 



Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The triode unit is used as 
a sync separator, sync clipper, and phase inverter; the 
pentode unit is used as a video amplifier. Outlines section, 6E; requires 
miniature 9-contact socket. 


Heater Voltage (ac/dc) ... 

Heater Current ... 

Heater Warm-up Time . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode, Pentode Cathode, Heater, Pentode Grid No.3, 

and Internal Shield . 

Plate to Cathode, Pentode Cathode, Heater, Pentode Grid No.3, 

and Internal Shield . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Grid No.l to Triode Plate . 

Plate to Triode Grid . 

Plate to Triode Plate . 


10.5 

volts 

0.45 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

4 

pF 

2.6 

pF 

2.6 

pF 

0.1 max 

PF 

11 

pF 

4.4 

pF 

0.005 max 

pF 

0.018 max 

pF 

0.17 max 

PF 


Class Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts . 

For Grid-No.2 voltages between 165 and 330 volts 


Triode Unit Pentode Unit 
300 330 

— 330 

— See curve page 300 
0 0 

1 5 


— 1.5 

— See curve page 300 


volts 

volts 

volts 

watts 

watts 




CHARACTERISTICS Triode Unit Pentode Unit 

Plate Voltage . 135 200 30 135 200 volts 

Grid-No.2 Voltage . — — 135 135 135 volts 

Grid-No.l Voltage . —2 —2 0 —1.5 —1.5 volts 

Amplification Factor . 60 70 — — — 

Plate Resistance . 39000 19000 — 66000 70000 ohms 

Transconductance . 1550 3700 — 12600 14000 amhos 
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Plate Current . 

1 

3.5 

32* 

17 

18 

mA 

Grid-No.2 Current . 

— 

-— 

14- 

4.2 

4 

mA 

Grid-No.l Voltage (Approx.) 
for plate current of 10 fiA 

—4.8 

—7 

_ 

—5 

—5 

volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

For fixed-bias operation . 



Triode Unit 
0.5 

Pentode Unit 
0.25 

megohm 

For cathode-bias operation 




1 

1 

megohm 


• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Refer to type 6JT8. 


T0JT8 



Kf 

9DX 

100 average 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


10JY8 


Miniature type used in television receiver applications. 
The pentode unit is used as a video amplifier, and the 
triode unit as a sync separator. Outlines section, 6E; 
requires miniature 9-contact socket. Heater: volts 
(ac/dc), 10.5; amperes, 0.45; warm-up time (average), 
11 seconds; maximum heater-cathode volts, ±200 peak, 
(—300 peak, —200 average for triode unit). 


Class A, Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Triode Unit Pentode Unit 

Plate Voltage . 

330 

330 


volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 

— 

330 


volts 

Grid-No.2 Voltage . 

— See 

curve 

page 

300 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

0 

0 


volts 

Plate Dissipation . 

2 

5 


watts 

Grid-No.2 Input: 





For Grid-No.2 voltages up to 165 volts . 

— 

1.1 


watts 

For Grid-No.2 voltages between 165 and 330 volts 

— See 

curve 

page 

300 

CHARACTERISTICS 





Plate Voltage . 

125 

50 

200 

volts 

Grid-No.2 Voltage . 

— 

150 

150 

volts 

Grid-No.l Voltage . 

— 

0 

— 

volts 

Cathode-Bias Resistor .. 

68 

— 

100 

ohms 

Amplification Factor .. 

46 

— 

— 


Plate Resistance (Approx.) . 

4400 

— 55000 

ohms 

Transconductance . 

10400 

— 11000 

/xmhos 

Plate Current . 

15 

60- 

24 

mA 

Grid-No.2 Current . 

— 

18- 

4.8 

mA 

Grid Voltage (Approx.) for plate current of 10 n A . . 

—8 

— 

—10 

volts 

MAXIMUM CIRCUIT VALUES 





Grid-No.1-Circuit Resistance: 





For fixed-bias operation . 

0.5 

0.25 


megohm 

For cathode-bias operation . 

1 

1 


megohm 


■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Refer to type 6KR8. 

10KR8 

Refer to type 6KU8. 

T0KU8 

Refer to chart at end of section. 

10LB8 

Refer to type 6LE8. 

10LE8 

Refer to chart at end of section. 

10LW8 

Refer to type 6LY8. 

10LY8 

Refer to chart at end of section. 

For replacement use type 10JA8/10LZ8. 

10LZ8 

Refer to type GT10. 

10T10 
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10Z10 

^^Refer to type 6Z10. 

11 

Refer to chart at end of section. 

11AF9 

Refer to type 6AF9. 

11AR11 

Refer to type 6AR11. 


HIGH-MU TRIODE— 
POWER PENTODE 

Miniature type used as vertical deflection oscillator or 
af amplifier and vertical deflection amplifier or af 
power amplifier in television receivers. Outlines section, 
6G; requires miniature 9-contact socket. This type is 
identical with type 16A8/PCL82 except for the follow¬ 


ing items: 9EX 

Heater Voltage . 10.7 volts 

Heater Current . 0.45 mA 

11BQ11 Refer to type 8BQ11. 




11BT11 


DUAL TRIODE— 
SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. 


The triode units are used for general-purpose applica- G (? 

tirtMC’ unit- 1 e in nrvinlifinv • / 


service. Outlines section, 8B; requires duodecar 12- 
contact socket. Heater: volts (ac/dc), 10.7; amperes, 
0.6; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, zb200 peak, 100 average. 



12GS 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 



Triode 

Triode 

Pentode 



Unit No. 1 

Unit No. 2 

Unit 



Plate Voltage . 

330 

330 

165 


volts 

Grid-No.2 (Screen-Grid) Voltage . . 
Grid-No. 1 (Control-Grid) Voltage, 

— 

— 

165 


volts 

Positive-bias value . 

0 

0 

0 


volts 

Plate Dissipation . 

1.5 

2 

3.5 


watts 

Grid-No.2 Input . 

— 

— 

1.5 


watts 

CHARACTERISTICS 

Plate Voltage . 

200 

200 

35 

150 

volts 

Grid-No.2 Voltage . 

— 

— 

100 

100 

volts 

Grid-No. 1 Voltage . 

— 

_ 

0 

volts 

Cathode-Bias Resistor . 

270 

470 


82 

ohms 

Amplification Factor . 

69 

40 

— 


Plate Resistance (Approx.) . 

12500 

7600 

— 51000 

ohms 

Transconductance . 

5500 

5300 

— 19000 

/unhos 

Plate Current . 

7.1 

7.2 

54 

17.4 

mA 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for 

— 

— 

13.5 

3.2 

mA 

plate current of 100 fiA . 

— 

—8 

— 

-6.6 

volts 

Grid-No.l Voltage (Approx.) for 




plate current of 50 fiA . 

—5.5 

— 

— 

— 

volts 

MAXIMUM CIRCUIT VALUES 







Triode 

Triode 

Pentode 



Unit No. 1 

Unit No. 2 

Unit 


Grid-No.l-Circuit Resistance: 






For fixed-bias operation . 

0.5 

0.5 

0.05 


megohm 

For cathode-bias operation . . 

1 

1 

0.1 


megohm 
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Refer to chart at end of section. 11CA11 

Refer to chart at end of section. 11CF11 

Refer to chart at end of section. 11CH11 

Refer to chart at end of section. 11CY7 

Refer to type 6DS5. 11DS5 

Refer to type 6FY7. 11FY7 



9BF 


SHARP-CUTOFF PENTODE 11 HM7 

Miniature type with frame grid used as video output 
amplifier in color television receivers. Outlines section, 
6E; requires miniature 9-contact socket. 


Heater Arrangement . Series 

Heater Voltage (ac/dc) . 11 

Heater Current . 0.3 


Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 


Class Ax Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage, Positive-bias value .... 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts. 

For grid-No.2 voltages between 165 and 330 volts .... 


Parallel 

5.5 

volts 

0.6 

ampere 

±200 max 

volts 

100 max 

volts 

0.15 max 

pF 

14 

pF 

5 

pF 


330 

volts 

330 

volts 

See curve 

page 300 

0 

volts 

7 

watts 

1 

watt 

See curve 

page 300 



PLATE VOLTS 


92CS- I3033T 


CHARACTERISTICS 

Plate Supply Voltage 
Grid-No.3 Voltage . . . 
Grid-No.2 Voltage .. . 
Cathode-Bias Resistor 


200 

volts 

0 

volts 

135 

volts 

47 

ohms 
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Plate Resistance (Approx.) . 40000 ohms 

Transconductance . 30000 jim hos 

Plate Current . 30 mA 

Grid-No.2 Current . 5.2 mA 

Grid-No.l Voltage (Approx.) for plate current of 100 fiA .. —4.5 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 megohm 

For cathode-bias operation . 0.25 megohm 


11JE8 
11KV8 
11LQ8 
11LT8 


Refer to chart at end of section. 
Refer to type 6KV8. 

Refer to type 6LQ8. 

Refer to type 6LT8. 


11MS8 


HIGH-MU TRIODE— 
BEAM POWER TUBE 


Miniature type used in combined vertical-deflection- 
oscillator and vertical-deflection-amplifier applications 
in black-and-white television receivers. Outlines section, 
6G; requires miniature 9-contact socket. Heater: volts, 
11.6; ampere, 0.45; warm-up time (approx.), 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 



SLY 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 
Grid-No. 1 (Control-Grid) Voltage 

Plate Current . 

Grid-No. 2 Current . 

Transconductance . 

Amplification Factor* . 

Plate Resistance (Approx.) . 



Triode 

Beam Power 


Unit 

Unit 


100 

100 

120 

volts 

— 

— 

110 

volts 

—0.85 

0 

—10 

volts 

5 

10 

50 

mA 

— 

— 

3 

mA 

5500 

7000 

8500 

/tmhos 

60 

63 

5.8 

11 

9 

13 

kilohms 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Peak Positive Pulse Plate Voltage# . 

Grid-No. 2 Voltage . 

Grid-No. 1 Voltage . 

Plate Dissipation . 

Grid-No. 2 Input . 

Average Cathode Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1 Circuit Resistance . 

Grid-No. 1 Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


250 

250 

volts 

— 

2000 

volts 

— 

200 

volts 

— 

0 

volts 

0.5 

6 

watts 

— 

1.5 

watts 

15 

70 

mA 


— 

2 megohm 

1 

— megohm 

3.3 

—• megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

* Grid-No. 2 connected to plate at socket. 


11Y9 

11Y9/LFL200 
12A5 
12A6 


Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


12A6Y 

12A7 

12A8GT 


H 



BEAM POWER TUBE 12AB5 

Miniature type used in the output stage of automobile 
radio receivers operating from a 12-volt storage bat¬ 
tery. Outlines section, 6E; requires miniature 9-contact 
socket. 


Heater-Voltage Range (ac/dc)» . 10 to 15.0 volts 

Heater Current (Approx.) at 12.6 volts . 0.2 ampere 

Peak Heater-Cathode Voltage . ±90 max volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.7 max pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 8 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 8.5 pF 


• For longest life, it is recommended that the heater be operated within the voltage range 
of 11 to 14 volts. 


Class A x Amplifier 


MAXIMUM RATINGS (Design-Center Values) 


315 


Grid-No.2 (Screen-Grid) Voltage . 


285 

volts 

Plate Dissipation . 


12 

watts 

Grid-No.2 Input . 


2 

watts 

Bulb Temperature (At hottest point) . 


250 

°C 

TYPICAL OPERATION WITH 12.6 VOLTS ON HEATER 

Plate Supply Voltage . 

250 

250 

volts 

Grid-No.2 Supply Voltage . 

200 

250 

volts 

Grid-No.l (Control-Grid) Voltage . 

— 

—12.5 

volts 

Cathode-Bias Resistor . 

270 

.—. 

ohms 

Peak AF Grid-No.l Voltage . 

10.5 

12.5 

volts 

Zero-Signal Plate Current . 

33.5 

45 

mA 

Maximum-Signal Plate Current . 

36 

47 

mA 

Zero-Signal Grid-No.2 Current . 

1.6 

4.5 

mA 

Maximum-Signal Grid-No.2 Current . 

3.2 

7 

mA 

Plate Resistance (Approx.) . 

75000 

50000 

ohms 

Transconductance . 

4000 

4100 

/zmhos 

Load Resistance . 

6000 

5000 

ohms 

Total Harmonic Distortion . 

8 

8 

per cent 

Maximum-Signal Power Output . 

3.3 

4.5 

watts 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance : 

For fixed-bias operation . 


0.1 

megohm 

For cathode-bias operation . 


0.5 

megohm 


Push-Pull Class ABi Amplifier 

MAXIMUM RATINGS (Same as for Single-Tube Class Ai Amplifier) 

TYPICAL OPERATION WITH 12.6 VOLTS ON HEATER (Values are for two tubes) 


Plate Voltage . 250 

Grid-No.2 Voltage . 250 

Grid-No. 1 Voltage . —15 

Peak AF Grid-No.l-to-Grid-No.l Voltage . 30 

Zero-Signal Plate Current . 70 

Maximum-Signal Plate Current . 79 

Zero-Signal Grid-No.2 Current . 5 

Maximum-Signal Grid-No.2 Current . 13 

Effective Load Resistance (Plate-to-Plate) . 10000 

Total Harmonic Distortion . 5 

Maximum-Signal Power Output . 10 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 
ohms 
per cent 
watts 


megohm 

megohm 
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12AC6 

12AC10A 

12AD6 

12AE6 

12AE6A 

12AE7 


Refer to chart at end of section. 

Refer to type 6AC10 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


12AE10 


BEAM POWER TUBE— 
SHARP-CUTOFF PENTODE 


Duodecar type used as combined FM detector and 
audio-frequency output amplifier in television receiv¬ 
ers. The beam power unit is used in af output stages 
and the pentode unit as an FM detector. Outlines sec¬ 
tion, 8C; requires duodecar 12-contact socket. Heater: 



volts (ac/dc), 12.6; amperes, 0.45; warm-up time (av- 12EZ 

erage), 11 seconds; maximum heater-cathode volts, ±200 peak, 100 average. 


Beam Power Unit as Class A t Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 165 volts 

Grid-No.2 (Screen-Grid) Voltage . 150 volts 

Cathode Current . 60 mA 

Plate Dissipation . 6 watts 

Grid-No.2 Input . 1.25 watts 

TYPICAL OPERATION 

Plate Voltage . 145 volts 

Grid-No.2 Voltage . 110 volts 

Grid-No. 1 (Control-Grid) Voltage . —7 volts 

Peak AF Grid-No.l Voltage . 7 volts 

Zero-Signal Plate Current . 34 mA 

Maximum-Signal Plate Current . 39 mA 

Zero-Signal Grid-No.2 Current . 6.5 mA 

Maximum-Signal Grid-No.2 Current . 9.3 mA 

Plate Resistance (Approx.) . 33000 ohms 

Transconductance . 5600 yxmhos 

Load Resistance . 2500 ohms 

Total Harmonic Distortion (Approx.) . 12 per cent 

Maximum-Signal Power Output . 1.45 watts 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance: 

For cathode-bias operation . 1 megohm 
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Pentode Unit as Class A t Amplifier 


CHARACTERISTICS 

Plate Voltage . 150 volts 

Grid-No.3 (Suppressor-Grid) Voltage . 0 volts 

Grid-No. 2 Voltage . 100 volts 

Cathode-Bias Resistor . 560 ohms 

Plate Resistance (Approx.) . 0.15 megohm 

Transconductance, Grid No.l . 1000 /imhos 

Transconductance, Grid No.3 . 400 /xmhos 

Plate Current . 1.3 mA 

Grid-No.2 Current . 2 mA 

Grid-No.1 Voltage (Approx.) for plate current of 10 /tA . —4.5 volts 

Grid-No.3 Voltage (Approx.) for plate current of 10 /aA . —4.5 volts 

Pentode Unit as FM Detector 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 Voltage . 28 volts 

Grid-No.2 Supply Voltage . 330 volts 

Grid-No.2 Voltage . See curve page 300 

Grid-No. 1 Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 1.7 watts 

Grid-No.2 Input . 1.1 watts 

12AF3 

Refer to type 6AF3. 12AF3/12BR3/ 

12RK19 

Refer to chart at end of section. 12AF6 

Refer to chart at end of section. 12AH7GT 

Refer to chart at end of section. 12AJ6 

Refer to type 6AL5. 12AL5 

Refer to chart at end of section. 12AL8 

Refer to type 6AL11. 12AL11 

Refer to type 6AQ5A. 12AQ5 

Refer to type 6AT6. 12AT6 

For replacement use type 12AT7/ECC81. 12AT7 


HT| 

HIGH-MU TWIN TRIODE 12AT7/ 

ECC81 

Miniature types used as push-pull cathode-drive ampli- 
9A tiers or frequency converters in the FM and television 

broadcast bands. Outlines section, 6B; require miniature 9-contact socket. 
Each triode unit is independent of the other except for the common heater. 
For typical operation as a resistance-coupled amplifier, refer to Resistance- 
Coupled Amplifier section. 

Heater Arrangement: Series Parallel 

Heater Voltage (ac/dc) . 12.6 6.3 

Heater Current . 0.15 0.3 

Peak Heater-Cathode Voltage . ±90 max 



volts 

ampere 

volts 
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Direct Interelectrode Capacitances: 

Grid-Drive Operation: 

Grid to Plate (Each unit) . 

Grid to Cathode and Heater (Each unit) . 

Plate to Cathode and Heater: 

Unit No.l . 

Unit No.2 . 

Cathode-Drive Operation: 

Cathode to Plate (Each unit) . 

Cathode to Grid and Heater (Each unit) . 

Plate to Grid and Heater (Each unit) . 

Heater to Cathode (Each Unit) . 

Class A, Amplifier (Each Unit) 

MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid Voltage, Negative-bias value . 

Plate Dissipation . 


1.5 

2.2 


0.2 

4.6 

1.8 

2.4 


300 

50 

2.5 


pF 

pF 

PF 

PF 

pF 

pF 

pF 

pF 


volts 

volts 

watts 



CHARACTERISTICS 

Plate Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Grid Voltage (Approx.) for plate current of 10 /iA 
Plate Current . 


12AT7WA 


100 

250 

volts 

270 

200 

ohms 

60 

60 


15000 

10900 

ohms 

4000 

5500 

//mhos 

—5 

—12 

volts 

3.7 

10 

mA 


Refer to chart at end of section. 


12AT7WB 


Refer to chart at end of section. 


12AU6 

12AU7 

12AU7A 


Refer to type 6AU6A. 

Refer to chart at end of section. 

For replacement use type 12AU7A/ECC82. 

For replacement use type 12AU7A/ECC82. 


HT| 


12AU7A/ 

ECC82 


MEDIUM-MU TWIN TRIODE 

as phase inverters or push-pull 



7AU7, 9AU7 

Miniature types used 

amplifiers in ac/dc radio equipment and as multivi¬ 
brators or oscillators in industrial control devices. Also used as combined 
vertical oscillators and vertical-deflection amplifiers, and as horizontal- 
deflection oscillators, in color and black-and-white television receivers. 
Outlines section, 6B; require miniature 9-contact socket. Each triode unit is 
independent of the other except for the common heater. For typical opera- 
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tion as a resistance-coupled amplifier, refer to Resistance-Coupled Amplifier 
section. Types 7AU7 and 9AU7 are identical with type 12AU7 and 12AU7A/ 
ECC82 except for heater ratings. 

12AU7A 

12AU7A/ 


Heater Voltage(ac/dc) : 

Series .. 

Parallel . 

Heater Current: 

Series . 

Parallel . 

Heater Warm-up Time (Parallel, Average) . . 
Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


7AU7 

9AU7 

ECC82 


7 

9.4 

12.6 

volts 

3.5 

4.7 

6.3 

volts 

0.3 

0.225 

0.15 

ampere 

0.6 

0.45 

0.3 

ampere 

11 

11 

— 

seconds 

±200 max 

±200 max ±200 max 

volts 

100 max 

100 max 100 max 

volts 

Unit No.l Unit No.2 



1.5 

1.5 

pF 


1.6 

1.6 

pF 


0.5 

0.35 

pF 


Class A l Amplifier (Each Unit Unless Otherwise Specified) 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Cathode Current . 

Plate Dissipation: 

Each Plate . 

Both Plates (Both units operating) 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 fiA 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . . . 

For cathode-bias operation 


0.25 megohm 

1 megohm 


100 

250 

volts 

0 

—8.5 

volts 

19.5 

17 


6250 

7700 

ohms 

3100 

2200 

/imhos 

11.8 

10.5 

mA 

— 

—24 

volts 


330 

volts 

22 

mA 

2.75 

watts 

5.5 

watts 


Oscillator (Each Unit Unless Otherwise Specified) 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current . 

Average Cathode Current ... 

Plate Dissipation: 

Each Plate . 

Both Plates (Both units operating) . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 


Vertical- 

Horizontal- 


Deflection 

Deflection 


Oscillator 

Oscillator 


330 

330 

volts 

440 

660 

volts 

66 

330 

mA 

22 

22 

mA 

2.75 

2.75 

watts 

5.5 

5.5 

watts 

2.2 

2.2 

megohms 


Vertical-Deflection Amplifier (Each Unit Unless Otherwise Specified) 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Voltage . 330 volts 

Peak Positive-Pulse Plate Voltage# . 1200 volts 

Peak Negative-Pulse Grid Voltage . 275 volts 

Peak Cathode Current . 66 mA 

Average Cathode Current . 22 mA 

Plate Dissipation: 

Each Plate . 275 volts 

Both Plates (Both units operating) . 5.5 watts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 2.2 megohms 


# Pulse duration must not exceed l» r / ( , of a vertical scanning cycle (2.5 milliseconds). 
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PLATE VOLTS $2CS-I0540T 


12AV5GA 

Refer to type 6AY5GA. 

12AV6 

Refer to type 6AV6. 

12AV7 

Refer to chart at end of section. 

12AW6 

Refer to chart at end of section. 

12AX3 

Refer to type 6AX3. 

12AX4GT 

12AX4GTA 

Refer to chart at end of section. 

12AX4GTB 

Refer to type 6AX4GTB. 

12AX7 

Refer to chart at end of section. 

For replacement use type 12AX7A/ECC83. 

12AX7A 

For replacement use type 12AX7A/ECC83. 


12AX7A/ 

ECC83 


HIGH-MU TWIN TRIODE 



Miniature types used as phase inverters or twin re- p T? hm 

sistance-coupled amplifiers in radio equipment. Outlines 9A 

section, 6B; require miniature 9-contact socket. Each triode unit is inde¬ 
pendent of the other except for common heater. For characteristics and 
curves, refer to type 6AY6. For typical operation as a resistance-coupled 
amplifier, refer to Resistance-Coupled Amplifier section. 


Heater Arrangement: 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode-Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


Series Parallel 
12.6 6.3 volts 

0.15 0.3 ampere 

. ±200 max volts 

. 100 max volts 

Unit No.l Unit No.2 

1.7 1.7 pF 

1.6 1.6 pF 

0.46 0.34 pF 
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Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid Voltage: 

Negative-bias value . 55 volts 

Positive-bias value . 0 volts 

Plate Dissipation . 1.2 watts 

EQUIVALENT-NOISE AND HUM VOLTAGE (References To Grid, Each Unit)* 

Average Value . 1.8 /aV rms 

• Measured in “true rms” units under the following conditions: Heater voltage (parallel 
connection), 6.3 volts ac ; center tap of heater transformer grounded; plate supply voltage, 
250 volts dc; plate load resistor, 100000 ohms ; cathode resistor, 2700 ohms bypassed by 
100 -/aF capacitor; grid resistor, 0 ohms; and amplifier covering frequency range between 
25 and 10000 Hz. 


Refer to chart at end of section. 


12AY3 


Refer to type 6AY3B. 


12AY3A 


MEDIUM-MU TWIN TRIODE 


12AY7 


KT 2(3#=L--2y 

V7)° T ' 


78) 


/WKT| 


Miniature type used in the first stages of high-gain 
audio-frequency amplifiers. Outlines section, 6B; re¬ 
quires miniature 9-contact socket. Each triode unit is 
independent of the other except for the common heater. 
Use of the 12.6-volt connection with an ac heater sup¬ 
ply is not recommended for applications involving low 
hum. For typical operation as a resistance-coupled am¬ 
plifier, refer to Resistance-Coupled Amplifier section. 


Heater Arrangement: 

Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx., Each Unit) 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


Parallel 

6.3 

0.3 

±90 max 


Class A, Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid Voltage: 

Negative-bias value . 

Positive-bias value . 

Cathode Current . 

Plate Dissipation . 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage ... 

Amplification Factor . 

Plate Resistance . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 mA. 


Refer to chart at end of section. 


12AZ7 



HIGH-MU TWIN TRIODE 12AZ7A 


Miniature type used in direct-coupled cathode-drive rf 
amplifier circuits of vhf color and black-and-white tele¬ 
vision tuners. Outlines section, 6B; requires miniature 
9-contact socket. For characteristics as class Al am¬ 
plifier, refer to miniature type 12AT7. 
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Heater Voltage (ac/dc) : 

Series . 12.6 

Parallel . 6.3 

Heater Current: 

Series . 0.225 

Parallel . 0.45 

Heater Warm-up Time (Average) . 11 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 

Direct Interelectrode Capacitance (Approx.) : Unshielded Shielded* 

Grid to Plate (Each unit) . 2 1.9 

Grid to Cathode and Heater (Each unit) . 2.6 2.8 

Plate to Cathode and Heater: 

Unit No.l .'. 0.44 1.4 

Unit No.2 . 0.36 1.6 


* With external shield connected to cathode of unit under test. 

Class A, Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 

Grid Voltage, Negative-bias value . 55 

Plate Dissipation . 2.5 

MAXIMUM CIRCUIT VALUES (Each Unit) 

Grid-Circuit Resistance: 

For fixed-bias operation . 0.25 

For cathode-bias operation . 1 


volts 

volts 

ampere 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 

pF 


volts 

volts 

watts 


megohm 

megohm 


12B4A LOW-MU TRIODE 


Miniature type used as vertical-deflection amplifier in 
television receivers. Outlines section, 6E; requires 
miniature 9-contact socket. 



Series Parallel 

Heater Voltage . 12.6 6.3 volts 

Heater Current. . 0.3 0.6 ampere 

Heater Warm-up Time . — 11 seconds 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances: 

Grid to Plate . .. 4.8 pF 

Grid to Cathode and Heater . 5 pF 

Plate to Cathode and Heater . 1.5 pF 

Class At Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 550 volts 

Grid Voltage, Negative-bias value . 50 volts 

Plate Dissipation . 5.5 watts 

CHARACTERISTICS 

Plate Voltage . 150 volts 

Grid Voltage . —17.5 volts 

Amplification Factor ... 6.5 

Plate Resistance (Approx.) . 1030 ohms 

Transconductance . 6300 /umhos 

Plate Current . 34 mA 

Plate Current for grid voltage of —23 volts . 9.6 mA 

Grid Voltage (Approx.) for plate current of 200 fiA . —32 volts 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 0.47 megohm 

For cathode-bias operation . 2.2 megohms 

Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 550 volts 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum) . lOOOf volts 
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Peak Negative-Pulse Grid Voltage . 250 volts 

Peak Cathode Current . 105 mA 

Average Cathode Current . 30 mA 

Plate Dissipation . 5.5 watts 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance, for cathode-bias operation . 2.2 megohms 


# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds), 
t Under no circumstances should this absolute value be exceeded. 


Refer to chart at end of section. 12B8GT 

Refer to type 6BA6. 12BA6 

Refer to chart at end of section. T2BA7 

Refer to chart at end of section. 12BD6 

Refer to type 6BE3. 12BE3 

Refer to type 6BE6. T2BE6 

Refer to chart at end of section. 12BF6 

Refer to type 6BF11. 12BF11 

Refer to chart at end of section. 12BH7 


H T| 



MEDIUM-MU TWIN TRIODE 12BH7A 

Miniature type used as combined vertical-deflection 
amplifier and vertical oscillator, and as horizontal-de¬ 
flection oscillator, in television receivers, and in 
phase-inverter and multivibrator circuits. Outlines sec¬ 
tion, 6E; requires miniature 9-contact socket. Each 
triode unit is independent of the other except for the 
common heater. 


Heater Arrangement: Series 

Heater Voltage (ac/dc) . 12.6 

Heater Current . 0.3 


Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 


Parallel 

6.3 

0.6 

11 

±200 max 
100 max 


Direct Interelectrode Capacitances (Approx.): Unit No.l Unit No.2 


Grid to Plate . 2.6 2.6 

Grid to Cathode and Heater . 3.2 3.2 

Plate to Cathode and Heater . 0.5 0.4 

Plate of Unit No.l to Plate of Unit No.2 . 0.8 

Class A, Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 300 

Grid Voltage: 

Negative-bias value . 50 

Positive-bias value . 0 

Cathode Current . 20 

Plate Dissipation: 

Each Plate . 3.5 

Both plates (Both units operating) . 7 

CHARACTERISTICS 

Plate Voltage . 250 

Grid Voltage . —10.5 

Amplification Factor . 16.5 

Plate Resistance (Approx.) . 5300 

Transconductance . 3100 

Plate Current . 11.5 

Plate Current for grid voltage of —14 volts . 4 

Grid Voltage (Approx.) for plate current of 50 /iA . —23 


volts 

ampere 

seconds 

volts 

volts 


PF 

pF 

pF 

pF 


volts 

volts 

volts 

mA 

watts 

watts 


volts 

volts 

ohms 

wmhos 

mA 

mA 

volts 
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MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 1 megohm 


Oscillator (Each Unit) 


For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 

Peak Negative-Pulse Grid Voltage . 

Peak Cathode Current. 

Average Cathode Current. 

Plate Dissipation: 

Each Plate . 

Both Plates (Both units operating) . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance . 


Vertical- 

Horizontal- 


Deflection 

Deflection 


Oscillator 

Oscillator 


450 

450 

volts 

400 

600 

volts 

70 

300 

mA 

20 

20 

mA 

3.5 

3.5 

watts 

7 

7 

watts 

2.2 

2.2 

megohms 


Vertical-Deflection Amplifier (Each Unit) 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Center Values) 

DC Plate Voltage . 450 volts 

Peak Positive-Pulse Plate Voltage# (Absolute maximum) . 1500* volts 

Peak Negative-Pulse Grid Voltage . 250 volts 

Peak Cathode Current . 70 mA 

Average Cathode Current . 20 mA 

Plate Dissipation: 

Each Plate . 3.5 watts 

Both Plates (Both units operating) . 7 watts 



PLATE VOLTS 92CS-7742TI 


MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance for cathode-bias operation . 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

* Under no circumstances should this absolute value be exceeded. 


12BK5 Refer to chart at end of section. 

12BL6 Refer to chart at end of section. 

12BN6 Refer to chart at end of section. 

12BQ6GTB/ 12CU6 Refer to type 6BQ6GTB/6CU6. 

For replacement use type 12AF3/12BR3/12RK19. 
Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12BS3A/12DW4A. 


12BR3 

12BR7 

12BS3 
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For replacement use type 12BS3A/12DW4A. 

Refer to type 6BS3A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12BY7A/12BV7/12DQ7. 

Refer to type 6BV11. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12BY7A/12BV7/12DQ7. 
For replacement use type 12BY7A/12BV7/12DQ7. 


12BS3A 

12BS3A/12DW4A 
12BT3 

12BV7 

12BV11 
12BW4 

12BY7 

12BY7A 



9BF 


SHARP-CUTOFF PENTODE 12BY7A/ 

12BV7/ 

12DQ7 

Miniature types used as video amplifier in television 
receivers. Outlines section, 6E; require miniature 9- 
contact socket. 


Heater Arrangement: Series 

Heater Voltage (ac/dc) . 12.6 

Heater Current . 0.3 


Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 

Plate to Cathode, Heater, Grid No.2, and Internal Shield 


Parallel 


6.3 

volts 

0.6 

ampere 

11 

seconds 

:±200 max 

volts 

100 max 

volts 

0.063 

pF 

10.2 

pF 

3.5 

PF 


Class Ai Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 330 volts 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 0 volts 

Grid-No.2 (Screen-Grid) Voltage . 190 volts 

Grid-No.l (Control-Grid) Voltage . 

Negative-bias value . 55 volts 

Positive-bias value . 0 volts 

Plate Dissipation . 6.5 watts 

Grid-No.2 Input . 1.2 watts 


i 120 


80 


40 


0 


TYPE I2BY7A 

GRID No.3 AND INTERNAL SHIELD 
- CONNECTED TO CATHODE AT 


SOCKET. 
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CHARACTERISTICS 

Plate Supply Voltage . 

Grid No. 3 . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 20 /*A 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


. 250 volts 

Connected to cathode at socket 

. 180 volts 

. 100 ohms 

. 93000 ohms 

. 11000 janhos 

. 26 mA 

. 5.75 mA 

. —11.6 volts 

- 0.25 megohm 

.... . 1 megohm 


12BZ6 

12BZ7 
12C5 
12C8 
12CA5 
12CK3 
12CL3 
12CN5 
T2CR6 
T2CS6 


Refer to 
Refer to chart 
Refer to 
Refer to chart 
Refer to 
Refer to chart 
Refer to 
Refer to chart 
Refer to chart 
Refer to 


type 6BZ6. 
at end of section, 
type 6CU5. 
at end of section, 
type 6CA5. 
at end of section, 
type 6CL3. 
at end of section, 
at end of section, 
type 6CS6. 


12CT3 


HALF-WAVE 
VACUUM RECTIFIER 


17CT3, 25CT3 

Miniature type used as damper tube in horizontal- 
deflection circuits of black-and-white and small-screen 
color television receivers. Outlines section, 6H; requires 
miniature 9-contact socket. Socket terminals 1, 3, 7, 
and 8 should not be used as tie points for external- 
circuit components. This tube, like other power-handling 
tubes, should be adequately ventilated. Types 17CT3 and 25CT3 are iden¬ 
tical with type 12CT3 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Direct Interelectrode Capacitances (Approx.) : 

Plate to Cathode and Heater . 

Cathode to Plate and Heater . 

Heater to Cathode . 


12CT3 

17CT3 

25CT3 


6.3 

16.8 

25.3 

volts 

0.6 

0.45 

0.3 

amperes 

11 

11 

11 

seconds 



12 

pF 



9.5 

pF 



2.8 

PF 


Damper Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Peak Inverse Plate Voltage# . 5000 

Peak Plate Current . 1200 

Average Plate Current . 250 

Plate Dissipation . 4.75 

Heater-Cathode Voltage: 

Peak value . 4-300 —5000 

Average value . -j-100 —900 

Bulb Temperature (At hottest point) . 220 


volts 

mA 

mA 

watts 

volts 

volts 

°C 


CHARACTERISTICS, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 16 volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 




























Technical Data 


421 


Refer to chart at end of section. 

Refer to type 6CU5. 

For replacement use type 12BQ6GTB/12CU6. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6DK6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12GW6/12DQ6B. 


12CT8 

12CU5/12C5 

12CU6 

12CX6 

12D4 

12DB5 

12DE8 

12DK6 

12DK7 

12DL8 

12DM4 
12 DM4 A 

12DQ6A 

12DQ6B 


Refer to chart at end of section. 

For replacement use type 12BY7A/12BV7/12DQ7. 

Refer to chart at end of section. 

Refer to type 6DT5. 

Refer to type 6DT8. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12BS3A/12DW4A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12EK6/12DZ6/12EA6. 

Refer to chart at end of section. 

For replacement use type 12EK6/12DZ6/12EA6. 


12DQ7 

12DS7 

12DS7A 

I2DT5 

12DT8 

12DU7 

12DV8 

12DW4A 

12DW7 

12DY8 

12DZ6 

12EA6 


Refer to 

chart 

at 

end 

of 

section. 

12EC8 

Refer 

to 

chart 

at 

end 

of 

section. 

12ED5 

Refer 

to 

chart 

at 

end 

of 

section. 

12EG6 

Refer to 

chart 

at 

end 

of 

section. 

12EH5 

Refer to 

chart 

at 

end 

of 

section. 

12EK6/12DZ6/1! 

Refer 

to 

chart 

at 

end 

of 

section. 

12EL6 

Refer 

to 

chart 

at 

end 

of 

section. 

12EM6 

Refer 

to 

chart 

at 

end 

of 

section. 

12EN6 

Refer 

to 

chart 

at 

end 

of 

section. 

12EQ7 

Refer 

to 

chart 

at 

end 

of 

section. 

12F5GT 

Refer 

to 

chart 

at 

end 

of 

section. 

12F8 
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12FK6 

12FM6 

12FQ7 

12FQ8 

12FR8 

12FV7 


Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6FQ7/6CG7. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 


12FX5 POWER PENTODE 

19FX5, 60FX5 

Miniature type used in output stages of audio ampli¬ 
fiers. Outlines section, 5D; requires miniature 7-con¬ 
tact socket. Types 19FX5 and 60FX5 are identical with 
type 12FX5 except for heater ratings. 



7CV 


12FX5 19FX5 


Heater Voltage (ac/dc) . 12.6 18.9 

Heater Current . 0.45 0.3 

Heater Warm-up Time (Average) .... 11 11 

Heater-Cathode Voltage: 

Peak value . ±200 max ±200 max 

Average value . 100 max 100 max 


Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No 1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 

Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Plate Dissipation . 

Grid-No.2 Input . . 

Bulb Temperature (At hottest point) . 

TYPICAL OPERATION 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode-Bias Resistor . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid No.2 Current . 

Maximum-Signal Grid No.2 Current . 

Plate Resistance . 

Transconductance . 

Load Resistance .. 


60FX5 

60 

0.1 


±200 max 
100 max 

0.65 

17 

9 


150 

130 

5.5 

2 

225 


110 

115 

62 

3 

36 

35 

10 

12 

17500 

13500 

3000 


volts 

ampere 

seconds 


volts 

volts 


pF 

pF 

pF 


volts 

volts 

watts 

watts 

°C 


volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
/4 mhos 
ohms 


100 


80 


£ 
o i 

QC ' 


o j 60 


W40! 


5s 

0. 


TYPE 

GRID- 

I2FX! 
No.2 V 

l 

0LTS C II5 

1_ 
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volt; 
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Total Harmonic Distortion . 8 per cent 

Maximum-Signal Power Output . 1.3 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 megohm 

For cathode-bias operation . 0.5 megohm 


Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12BQ6GTB/12CU6. 

For replacement use type 12GW6/12DQ6B. 

Refer to chart at end of section. 

Refer to type 6GE5. 

Refer to chart at end of section. 

Refer to type 6GJ5A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12HG7/12GN7A. 

Refer to chart at end of section. 

Refer to type 6GW6/6DQ6B. 

Refer to chart at end of section. 

Refer to type 38HE7. 

For replacement use type 12HG7/12GN7A. 


12FX8 

12FX8A 

12GA6 

12GB3 

12GB6 

12GB7 

12GC6 

12GE5 

12GJ5 

12GJ5A 

12GN7 

12GN7A 

12GT5 

12GT5A 

12GW6/ 12DQ6B 
12H6 
12HE7 
12HG7 


H 



K G 3 ,IS 

9BF 


SHARP-CUTOFF PENTODE 12HG7/ 

12GN7A 

Miniature types with frame grid used as video ampli¬ 
fier in color and black-and-white television receivers. 
Outlines section, 6E; require 9-contact miniature 
socket. 


Heater Arrangement: 
Heater Voltage (ac/dc) 
Heater Current . 


Series 

12.6 

0.26 


Parallel 

6.3 

0.62 


volts 

ampere 
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Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.15 max 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 14 max 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 4.4 max 


volts 

volts 

pF 

pF 

pF 


Class A x Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No. 2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value . . . 

Plate Dissipation . 

Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts . 

For Grid-No.2 voltages between 165 and 330 volts 


400 volts 

330 volts 

See curve page 300 
0 volts 

10 watts 

1 watt 

See curve page 300 


CHARACTERISTICS 

Plate Supply Voltage . 300 volts 

Grid No.3 (Suppressor Grid) . Connected to cathode at socket 

Grid-No.2 Supply Voltage . 135 volts 

Grid No.l . Connected to negative end of cathode resistor 


Cathode Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No. 1 Voltage (Approx.) 


for plate current of 100 /xA 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 
For fixed-bias operation . . . 
For cathode-bias operation 


47 
60000 
32000 
31 
4.8 
—4.5 


0.1 

0.25 


ohms 

ohms 

/xmhos 

mA 

mA 

volts 


megohm 

megohm 


H 100! 


TYPE I2HG7 GRID-No.2 VOLTS -135 
GRID No. 3 CONNECTED TO 
CATHODE AT SOCKET. 



100 200 300 400 500 

PLATE VOLTS 92CS-I2746TI 


12HL7 SHARP-CUTOFF PENTODE 

Miniature type with frame grid used as a video output 
amplifier in color television receivers. Outlines section, 
6E; requires miniature 9-contact socket. 


H 



9BF 


Heater Arrangement . Series Parallel 

Heater Voltage . 12.6 6.3 volts 

Heater Current . 0.3 0.6 ampere 
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Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 

Direct Interelectrode Capacitances : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage, Positive-bias value 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value . . . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 


Plate Supply Voltage 50 

Grid-No.3 Voltage, Referred to negative end of 

cathode . — 

Grid-No.2 Voltage . 125 

Grid-No. 1 Voltage . 0 

Cathode Resistor (Bypassed) . — 

Plate Current . 76 

Grid-No.2 Current . 32 

Transconductance, Grid No.l to Plate . — 

Plate Resistance (Approx.) . — 

Grid-No.l Voltage (Approx.) for plate current 
of 100 iiA . 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 


±200 max 

volts 

100 max 

volts 

0.15 

pF 

15 

pF 

6 

pF 


400 volts 

0 volts 

330 volts 

See curve page 300 
0 volt 

10 watts 

1 watt 


250 

volts 

0 

volts 

150 

volts 

0 

volts 

122 

ohms 

25 

mA 

6 

mA 

21000 

jurnhos 

55000 

ohms 

—7.2 

volts 


0.1 megohm 

0.25 megohm 


Refer to chart at end of section. 12J5GT 

Refer to chart at end of section. 12J7GT 

Refer to chart at end of section. 12J8 

Refer to chart at end of section. 12JB6 

Refer to type 6JB6A. 12JB6A 

Refer to chart at end of section. 12JF5 

Refer to type 6JN6. 12JN6 

Refer to chart at end of section. 12JN8 

Refer to type 6JQG. 1 2JQ6 

Refer to chart at end of section. 12JT6 

Refer to type 6JT6A. 12JT6A 

Refer to chart at end of section. 12K5 

Refer to chart at end of section. T2K7GT 

Refer to chart at end of section. 12K8 

Refer to chart at end of section. 12KL8 

Refer to chart at end of section. 12L6GT 

Refer to type 6MD8. 12MD8 

Refer to chart at end of section. 12Q7GT 

Refer to chart at end of section. 12R5 
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12RK19 

12S8GT 

12SA7 

12SA7GT 

12SC7 

12SF5 

12SF5GT 

12SF7 

12SG7 

12SH7 

T2SJ7 

12SJ7GT 

12SK7 

12SK7GT 

12SL7GT 

12SN7GT 

12SN7GTA 

12SQ7 

12SQ7GT 

12SR7 

12SR7GT 

12SW7 

12SY7 

12TI0 

12U7 

12V6GT 

12W6GT 

12X4 

12Z3 

13CW4 

13DE7 

13DR7 

13EM7 

13EM7/15EA7 

13FD7 

13FM7 

13FM7/15FM7 

13GB5 

13GB5/XL500 

13GF7A 


Refer to chart at end of section. 

For replacement use type 12AF3/12BR3/12RK19. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6SL7GT. 

Refer to chart at end of section. 

Refer to type 6SN7GTB. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6T10. 

Refer to chart at end of section. 

Refer to type 6V6. 

Refer to type 6W6GT. 

Refer to type 6X4. 

Refer to chart at end of section. 

Refer to type 6CW4. 

Refer to type 6DE7. 

Refer to type 6DR7. 

Refer to chart at end of section. 

For replacement use type 13EM7/15EA7. 

Refer to type 6EM7/6EA7. 

Refer to type 6FD7. 

Refer to type 6FM7. 

Refer to chart at end of section. 

Refer to type 6GB5/EL500. 

Refer to type 6GF7A. 
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Refer to chart at end of section. 

For replacement use type 13Z10/13J10. 

Refer to type 6JZ8. 


13J10 

13JZ8 



12EZ 


BEAM POWER TUBE— 
SHARP-CUTOFF PENTODE 


13V10 


Duodecar type used as combined FM detector and 
audio-frequency output amplifier in television re¬ 
ceivers. The beam power unit is used in af output 
stages and the pentode unit as an FM detector. Out¬ 
lines section, 8C; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 13.2; amperes, 0.45; average 
warm-up time, 11 seconds; maximum heater-cathode 
volts, ±200 peak, 100 average. 


Beam Power Unit as Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 165 volts 

Grid-No.2 (Screen-Grid) Voltage . 150 volts 

Cathode Current . 65 mA 

Plate Dissipation . 6.5 watts 

Grid-No.2 Input . l.S watts 

TYPICAL OPERATION 

Plate Voltage . 145 volts 

Grid-No.2 Voltage . 125 volts 

Grid-No.1 (Control-Grid) Voltage . —6 volts 

Peak AF Grid-No. 1 Voltage. 6 volts 

Zero-Signal Plate Current. 34 mA 

Maximum-Signal Plate Current . 36 mA 

Zero-Signal Grid-No.2 Current . 2.2 mA 

Maximum-Signal Grid-No.2 Current . 5.5 mA 

Plate Resistance (Approx.) . 0.058 megohm 

Transconductance . 6400 fi mhos 

Load Resistance . 3000 ohms 

Total Harmonic Distortion (Approx.) . 7 per cent 

Maximum-Signal Power Output . 1.5 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

For fixed-bias operation . 0.25 megohm 

For cathode-bias operation . 0.5 megohm 

Pentode Unit as Class Amplifier 

CHARACTERISTICS 

Plate Supply Voltage . 150 volts 

Grid-No.3 (Suppressor-Grid) Voltage . 0 volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 100 volts 

Cathode-Bias Resistor . 560 ohms 

Plate Resistance (Approx.) . 0.15 megohm 

Transconductance, Grid No.l to Plate . 1000 /xmhos 

Transconductance, Grid No.3 to Plate . 400 /*mhos 

Plate Current . 1.3 mA 

Grid-No.2 Current . 2 mA 

Grid-No.1 Voltage (Approx.) for plate current of 10 fiA . —4.5 volts 

Grid-No.3 Voltage (Approx.) for plate current of 10 //A . —4.5 volts 

Pentode Unit as FM Detector 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.3 Voltage . 28 volts 

Grid-No.2 Supply Voltage . 330 volts 

Grid-No 2 Voltage . See curve page 300 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value . 0 volts 

Plate Dissipation . 1.7 watts 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 1.1 watts 

For grid-No.2 voltages between 165 and 330 volts. See curve page 300 


Refer to chart at end of section. 
Refer to type 6Z10/6J10. 


13Z10 

13Z10/13J10 
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14A4 

14A5 

14A7 

14AF7 

14B6 

14B8 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


14BL11 


DUAL TRIODE— 
SHARP-CUTOFF PENTODE 


Duodecar type used in television receiver applications. 
The pentode unit is used for video amplifier service, 
and the triode units for general-purpose use. Outlines 
section, 8B; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 14.2; amperes, 0.45; average 
warm-up time 11 seconds; maximum heater-cathode 
volts, ±200 peak, 100 average. 


Kti Fti 



Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value . 

Plate Dissipation . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current. 

Grid-No.l Voltage (Approx.) for plate current 

of 100 nA . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Triode Pentode 
UnitNo.l UnitNo.2 Unit 


330 

330 

250 


volts 

— 

— 

125 


volts 

0 

0 

0 


volts 

1.5 

2 

2.5 


watts 

— 

— 

1.25 


watts 

200 

200 

35 

200 

volts 

•— 

— 

100 

100 

volts 

— 

— 

0 

— 

volts 

470 

270 

— 

82 

ohms 

40 

69 

— 

— 


7600 

12500 

— 70000 

ohms 

5300 

5500 

— 19000 

fimhos 

7.2 

7.1 

40 

16 

mA 

— 

— 

13 

3 

mA 

—8 

—5.5 

— _ 

-6.5 

volts 


0.5 

0.5 

0.1 

megohm 

1 

1 

0.25 

megohm 


14RD11 DUAL TRIODE— 

I4DKI I SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. Kp 63p 
The high-mu triode unit No. 1 is used for general- ~ 
purpose use, the medium-mu triode unit No. 2 for 
sync separator service, and the pentode unit for video G2p Q 
amplifier service. Outlines section, 8C; requires duo¬ 
decar 12-contact socket. Heater: volts (ac/dc), 14.2; 
amperes, 0.45; warm-up time, 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 


PT2 

k T2 js {? 



12GL 





















Technical data 


429 


Class At Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage. 

Grid-No.2 Voltage . 

Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts . 

For grid-No.2 voltages between 165 and 330 
volts . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.1 Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate-Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current. 

Grid-No.l Voltage (Approx.) for plate current 
of 100 }iA . 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


Triode Triode Pentode 
UnitNo.l UnitNo.2 Unit 


330 

330 


330 

volts 

— 

— 


330 

volts 

— 

— 

See curve 

page 300 

0 

0 


0 

volts 

1.5 

2 


4 

watts 

— 

— 


1.1 

watts 

— 

— 

See curve 

page 300 

200 

200 

35 

135 

volts 

— 

— 

135 

135 

volts 

—2 

— 

0 

— 

volts 

— 

220 

— 

100 

ohms 

68 

41 

— 

— 


12400 

9400 

— 

45000 

ohms 

5500 

4400 

— 

10400 

/xmhos 

7 

9.2 

34 

17 

mA 

— 

— 

13 

4 

mA 

—5.5 

—6.5 

— 

—6 

volts 


0.5 

0.5 

1 

megohm 

1 

1 

1 

megohm 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


14C5 

14C7 

14E6 

14E7 

14F7 

14F8 

14GT8 


Refer to chart at end of section. 


14H7 


Refer to chart at end of section. 
Refer to chart at end of section. 


14J7 

14JG8 


Refer to chart at end of section. 


T4N7 


Refer to chart at end of section. 


14Q7 


Refer to chart at end of section. 


I4R7 


Refer to chart at end of section. 


15 


Refer to type 6AF11. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to type 6CW5/EL86. 


15AF11 

15BD11 

15BDT1A 

15CW5 

15CW5/PL84 


Refer to chart at end of section. 


15DQ8 
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15DQ8/ HIGH-MU TRIODE— 
PCL84 SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele¬ 
vision receiver applications. The triode unit is used as 
a sync-separator, sync-amplifier, keyed-age, or noise- 
suppressor tube. The pentode unit is used as a video¬ 
output tube. Outlines section, 6E; requires miniature 
9-contact socket. 

Heater Voltage (ac/dc) . 

Heater Current. 

Peak Heater-Cathode Voltage . 



0.3 ampere 

±200 max volts 


Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 


Plate Supply Voltage . 

Peak Plate Voltage, with maximum plate 
0.1 mA* . 

current 

of 

550 

600 

550 

Plate Voltage . 



250 

250 

Grid-No.2 (Screen-Grid) Supply Voltage . . 



— 

550 

Grid-No.2 Voltage . 



— 

250 

Cathode Current . 



12 

40 

Plate Dissipation . 



1 

4 

Grid-No.2 Input . 

Triode 


— 

1.7 

CHARACTERISTICS 

Unit 


Pentode Unit 

Plate Voltage ... 

200 

170 

200 

200 

Grid-No.2 Voltage . 

— 

170 

200 

220 

Grid-No.l Voltage . 

—1.7 

—2.1 

— 2.9 

—3.4 

Amplification Factor . 

65 

— 

— 

— 

Mu-Factor, Grid-No.2 to Grid-No.l .... 

— 

36 

36 

36 

Plate Resistance (Approx.) . 

— 

0.1 

0.13 

0.15 

Transconductance . 

4000 

11000 

10400 

10000 

Plate Current . 

3 

18 

18 

18 

Grid-No.2 Current. 

— 

3 

3 

3 


volts 

volts 

volts 

volts 

volts 

mA 

watts 

watts 


volts 

volts 

volts 


megohm 

yumhos 

mA 

mA 


TYPICAL OPERATION OF PENTODE UNIT AS VIDEO OUTPUT TUBE 


Plate Supply Voltage . 170 200 220 volts 

Series Plate Resistor . 3000 3000 3000 ohms 

Grid-No.2 Voltage . 170 200 220 volts 

Grid-No. 1 Voltage . —2 —2.8 —3.3 volts 

Transconductance . 10400 10000 9700 yumhos 

Plate Current . 18 18 18 mA 

Grid-No.2 Current . 3.2 3.1 3.1 mA 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation . 1 1 megohm 

For cathode-bias operation . 3 2 megohms 

• With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 


15EA7 

For replacement use type 13EM7/15EA7. 

15EW7 

Refer to type 6EW7. 

15FM7 

Refer to chart at end of section. 

For replacement use type 13FM7/15FM7. 

15FY7 

Refer to type 6FY7. 

15HB6 

Refer to chart at end of section. 

15KY8 

Refer to chart at end of section. 

15KY8A 

Refer to type 6KY8A. 

15LE8 

Refer to chart at end of section. 
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Refer to type 6MF8. 


15MF8 


Refer to chart at end of section. 
For replacement use type 16A8/PCL82. 


16A8 



HIGH-MU TRIODE— 
POWER PENTODE 


16A8/ 

PCL82 


8B8 


9EX 


g 2p Miniature type used in television receiver applications. 

The triode unit is used as a vertical oscillator or as an 
K af amplifier, and the pentode unit is used as a vertical 
T output tube or as an audio output tube. Outlines sec¬ 
tion, 6G; requires miniature 9-contact socket. Type 
8B8 is identical with type 16A8/PCL82 except for 
heater ratings. 


Heater Voltage . 

Heater Current . 

Heater-Cathode Voltage 


8B8 

8 

0.6 

±200 


16A8/PCL82 

16 

0.3 

±200 


volts 

ampere 

volts 


Class A l Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 


Triode Unit 

Pentode Unit 


Plate Supply Voltage . 



550 

550 

volts 

Peak Plate Voltage* . 



600 

2500 

volts 

Plate Voltage . 



250 

250 

volts 

Peak Inverse Plate Voltage . 




— 

500 

volts 

Grid-No.2 (Screen-Grid) Supply Voltage . 



— 

550 

volts 

Grid-No.2 Voltage . 




— 

250 

volts 

Cathode Current . 




15 

50 

mA 

Plate Dissipation (Frame Output) . 




— 

5 

watts 

Plate Dissipation (Audio Output) . 




— 

7 

watts 

Grid-No.2 Input . 




— 

1.8 

watts 

Peak Grid-No.2 Input . 

Triode 




3.2 

watts 

CHARACTERISTICS 

Unit 

Pentode Unit 



Plate Voltage . 

100 

100 

170 

200 

200 

volts 

Grid-No.2 Voltage . 

— 

100 

170 

200 

200 

volts 

Grid-No.1 Voltage . 

0 

—6 

—11.5 

—12.5 

—16 

volts 

Amplification Factor . 

70 

— 

— 

— 

— 


Mu Factor, Grid No.2 to Grid No.l 

— 

10 

9.5 

9.5 

9.5 


Plate Resistance . 

— 

15000 

16000 

20500 

20000 

ohms 

Transconductance . 

2500 

6800 

7500 

6800 

6400 

[i mhos 

Plate Current . 

3.5 

26 

41 

35 

7 

mA 

Grid-No.2 Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 


5 

8 

6.5 

35 

mA 

For fixed-bias operation . 

1 



1 


megohm 

For cathode-bias operation . 

3 



2 


megohms 


• With a maximum duty factor of 0.04 and maximum pulse duration of 0.8 milliseconds. 



DUAL TRIODE— 
BEAM POWER TUBE 


16AK9 


Duodecar type used in vertical-deflection-amplifier, 
vertical oscillator and sync-clipper applications, in 
color television receivers. Outlines section, 15A; re¬ 
quires duodecar 12-contact socket. Heater: volts (ac/dc), 
16.4; amperes, 0.6; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 





























432 


RCA Receiving Tube Manual 


Class Ai Amplifier 

Triode Triode Beam Power 

CHARACTERISTICS Unit No. 1 Unit No.2 Unit 


Plate Voltage . 

150 

150 

60 

150 

volts 

Grid-No.2 (Screen-Grid) Voltage .... 

— 

— 

125 

150 

volts 

Grid-No. 1 (Control-Grid) Voltage .... 

—2 

—5 

0 

—14 

volts 

Plate Resistance (Approx.) . 

11000 

8500 

— 

16400 

ohms 

Transconductance . 

3900 

2350 

— 

6200 

/imhos 

Plate Current . 

5.4 

5.5 

140 

49 

mA 

Grid-No.2 Current . 

— 

— 

18 

3.5 

mA 

Grid-No. 1 Voltage (Approx.) for plate 
current of 100 fiA . 

—5.7 

—11 


—33 

volts 

Amplification Factor . 

43 

20 

— 

— 



Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS 

Triode 

Triode 

Beam Power 


(Design-Maximum Values) 

Unit No. 1 

Unit No. 2 

Unit 


Plate Voltage . 

Amplifier 

330 

Oscillator 

330 

Amplifier 

350 

volts 

Peak Positive-Pulse Plate Voltage# . 

—• 

— 

2500 

volts 

Grid-No.2 Voltage ... . 

... — 

— 

250 

volts 

Peak Negative-Pulse Grid-No.l Voltage 

— 

400 

150 

volts 

Grid Voltage, Positive-bias value . 

0 

— 

— 

volt 

Plate Dissipation . 

. . . 1.25 

1 

10 

watts 

Grid-No.2 Input . 

... — 

— 

2 

watts 

Peak Plate Current . 

... — 

70 

245 

mA 

Average Plate Current . 

... — 

20 

80 

mA 

Peak Grid-No.2 Current . 

... — 

— 

245 

mA 

Average Grid-No.2 Current . 

— 

— 

80 

mA 

MAXIMUM CIRCUIT VALUES 

Grid-No.l Circuit Resistance: 

For fixed-bias operation . 

0.5 

1 

1 

megohm 

For degenerative-bias operation* . 

— 

2.2 

2.2 

megohms 

# Pulse duration must not exceed 15% of 

a horizontal 

scanning cycle (10 microseconds). 


* A cathode resistor or any feedback system which achieves an equivalent reduction in gain. 


16AQ3 


Refer to chart at end of section. 

For replacement use type 16AQ3/XY88. 


16AQ3/ 

XY88 


DIODE 


20AQ3/LY88 

Miniature type used as booster diodes in line-time- 
base circuits of transformerless television receivers. 

Outlines section, 7D; requires miniature 9-contact socket. Type 20AQ3/ 
LY88 is identical with type 16AQ3/XY88 except for heater ratings. 



Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

MAXIMUM RATINGS (Design-Center Values) 

Supply Voltage at zero current. 

Supply Voltage .. 

Peak Plate Current . 

Average Plate Current . 

Plate Dissipation . 

Peak Negative-Pulse Plate Voltage* . 


16AQ3/ 

XY88 

16.4 

0.6 

6600 


20AQ3/ 

LY88 

20.2 

0.45 

6600 


550 

250 

550 

220 

5 

6000# 


volts 

ampere 

volts 


volts 

volts 

mA 

mA 

watts 

volts 


* Under no conditions should an absolute maximum value of 7500 volts be exceeded. 

# The pulse duration must not exceed 22 per cent of a cycle, or a maximum of 18 microseconds 


16BQ11 


Refer to type 8BQ11. 
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Refer to chart at end of section. 

16BX1I 

Refer to type 6GK6. 

16GK6 

Refer to type 6GY5. 

16GY5 

Refer to chart at end of section. 

16KA6 

Refer to type 6LU8. 

16LU8A 

Refer to chart at end of section. 

17AB10 

17AB10/ 17X10 

Refer to type 6AX3. 

17AX3 

Refer to chart at end of section. 

17AX4GT 

Refer to type 6AX4GTB. 

17AX4GTA 

Refer to chart at end of section. 

17AY3 

Refer to type 6AY3B. 

17AY3A 

Refer to chart at end of section. 

17BB14 

Refer to type 6BE3. 

17BE3 

Refer to type 6BE3. 

17BE3/17BZ3 

Refer to type 6BF11. 

T7BF11 

Refer to chart at end of section. 

T7BH3 

17BH3A 

Refer to chart at end of section. 

17BQ6GTB 

Refer to chart at end of section. 

17BR3 

Refer to type 6BR3/6RK19. 

17BR3/17RK19 

Refer to chart at end of section. 

17BS3 

Refer to type 6BS3A. 

17BS3A 

17BS3A/17DW4A 

Refer to type 22BW3. 

17BW3 

Refer to chart at end of section. 

For replacement use type 17BE3/17BZ3. 

17BZ3 

Refer to chart at end of section. 

For replacement use type 17CU5/17C5. 

17C5 

Refer to type 6C9. 

17C9 

Refer to chart at end of section. 

17CK3 

Refer to chart at end of section. 

17CL3 

Refer to type 12CT3. 

17CT3 
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17CU5 

For replacement use type 17CU5/17C5. 

17CU5/17C5 

Refer to type 6CU5. 

17D4 

Refer to chart at end of section. 

17DE4 

Refer to type 6DE4/6CQ4. 

17DM4 

Refer to chart at end of section. 

17DM4A 

Refer to type 6DM4A/6DA4. 

17DQ6A 

Refer to chart at end of section. 

17DW4A 

Refer to chart at end of section. 

For replacement use type 17BS3A/17DW4A, 

17EW8 

Refer to chart at end of section. 


17EW8/ 

HCC85 


HIGH-MU TWIN TRIODE 


Miniature type used in rf-amplifier and oscillator- 
mixer circuits in FM and AM radio receivers. Outlines 
section, 6B; requires miniature 9-contact socket. 



9AJ 


Heater Voltage . 17.5 volts 

Heater Current . 0.15 ampere 

Peak Heater-Cathode Voltage . ±90 max volts 

Direct Interelectrode Capacitances: 

Plate to Grid (Each Unit) . 1.5 pF 

Plate to Cathode (Each Unit) . 0.18 pF 

Plate to Cathode, Heater, and Internal Shield (Each Unit) .... 1.2 pF 

Grid to Cathode, Heater, and Internal Shield (Each Unit) .... 3 pF 

Plate of Unit No.l to Plate of Unit No.2 . 0.04 max pF 

Grid of Unit No.l to Grid of Unit No.2 . 0.003 max pF 

Plate of Unit No.l to Grid of Unit No.2 . 0.008 max pF 

Plate of Unit No.2 to Grid of Unit No.l . 0.008 max pF 

Plate of Unit No.l to Cathode of Unit No.2 . 0.008 max pF 

Plate of Unit No.2 to Cathode of Unit No.l . 0.008 max pF 

Grid of Unit No.l to Triode of Unit No.2 . 0.003 max pF 

Grid of Unit No.2 to Triode of Unit No.l . 0.003 max pF 


Class Al Amplifier (Each Unit) 


MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage . 



250 

volts 

Grid-Voltage, Negative-bias Value . 



100 

volts 

Cathode Current . 



15 

raA 

Plate Dissipation . 



2.5 

watts 

CHARACTERISTICS 

Plate Voltage . 

100 

170 

200 

volts 

Grid Voltage . 

—1.1* 

—1.5 

—2.1 

volts 

Amplification Factor. 

50 

50 

48 


Transconductance . 

4600 

6200 

5800 

fim hos 

Plate Current . 

4.5 

10 

10 

mA 

MAXIMUM CIRCUIT VALUE 

Grid-Circuit Resistance. 



1 

megohm 


* Should not be used if grid current is not permissible. 


17GE5 


Refer to type 6GE5. 
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Refer to chart at end of section. 

Refer to type 6GJ5A. 

Refer to chart at end of section. 
Refer to type 6GT5A. 

Refer to type 6GV5. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to type 6JB6A. 

Refer to type 6JF6. 

Refer to chart at end of section. 

Refer to type 6JG6A. 

Refer to chart at end of section. 
Refer to type 6JM6A. 

Refer to type 6JN6. 

Refer to type 6JQ6. 

Refer to type 6JR6. 

Refer to chart at end of section. 
Refer to type 6JT6A. 

Refer to type 6JZ8. 

Refer to chart at end of section. 
Refer to type 6KV6A. 

Refer to chart at end of section. 

For replacement use type 15KY8A. 

For replacement use type 17BR3/17RK19. 

Refer to chart at end of section. 

For replacement use type 17AB10/17X10. 

Refer to type 6Y9/EFL200. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


17GJ5 

17GJ5A 

17GT5 

17GT5A 

17GV5 

17GW6/17DQ6B 

17H3 

17HB25 

17JB6 

17JB6A 

17JF6 

17JG6 

17JG6A 

17JM6 

17JM6A 

17JN6 

17JQ6 

17JR6 

17JT6 

17JT6A 

17JZ8 

17KV6 

17KV6A 

T7LD8 

17RK19 

17X10 

17Y9 

17Z3/PY81 

18A5 

18AJ10 

18FW6 

18FW6A 

18FX6 

18FX6A 

18FY6 

18FY6A 
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18GB5 

18GB5/LL500 

18GD6A 

18GV8/PCL85 

19 

19AU4 

19AU4GTA 

19BG6G 

19BG6GA 

19CG3 

19CG3/ 19DQ3 
19CL8A 
19DE3 


Refer to chart at end of section. 

Refer to type 6GB5/EL500. 

Refer to chart at end of section. 

Refer to type 6GV8/ECL85. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 19CG3/19DQ3. 
Refer to type 6CG3. 

Refer to chart at end of section. 

For replacement use type 19JN8/19CL8A. 

Refer to chart at end of section. 


19DK3 


HALF-WAVE 
VACUUM RECTIFIER 


Novar type used as a damper tube in television receiv¬ 
ers. Outlines section, 35 A; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, 8 and 9, should not be 
used as tie points. 



9SG 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Direct Interelectrode Capacitances: 
Cathode to Plate and Heater 
Plate to Cathode and Heater 
Heater to Cathode . 


Damper Service 

For operation in a 525-line, 30-frame system 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Plate Dissipation . 

Bulb Temperature (At hottest point) . 

Heater-Cathode Voltage: 


Peak value . +300 

Average value . +100 


CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 800 mA . 

# Pulse duration must not exceed 15% of a horizontal scanning cycle. 


19 volts 

0.6 ampere 

11 seconds 

22.0 pF 

13.6 pF 

1.1 pF 


6500 volts 

1200 mA 

400 mA 

9 watts 

220 °C 

—6500 volts 

—900 volts 


25 volts 


19QQ3 

19EA8 

19EZ8 


For replacement use type 19CG3/19DQ3. 
Refer to type 6EA8. 

Refer to chart at end of section. 
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Refer to type 12FX5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JN8. 

Refer to chart at end of section. 
For replacement use type 18GD6A. 
For replacement use type 18FW6A, 
Refer to chart at end of section. 

Refer to type 6X8A. 

Refer to chart at end of section. 

Refer to type 16AQ3/XY88. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6LF6/6LX6. 

Refer to chart at end of section. 

Refer to type 6GY5. 

Refer to chart at end of section. 


19FX5 

19GQ7 

19HR6 

19HS6 

19HV8 

19J6 

19JN8 

19JN8/ 19CL8A 
19KG8 
19MR9 
19MR19 
19Q9 
19X8 
20 

20AQ3/LY88 

20EQ7 

20EZ7 

20LF6 

21EX6 

21GY5 

21HB5 



BEAM POWER TUBE 21HB5A 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. For maximum ratings, re¬ 
fer to type 6HB5. Heater: volts (ac/dc), 21; amperes, 
0.45; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 


Class At Amplifier 

Triode* 


CHARACTERISTICS 

Plate Voltage . 

Pentode Connection 

5000 50 130 

Connection 

130 

volts 

Grid-No.2 (Screen-Grid) Voltage . . 

130 130 

130 

130 

volts 

Grid-No. 1 (Control-Grid) Voltage . . 

— 0 

—20 

—20 

volts 

Amplification Factor . 

Plate Resistance (Approx.) . 

z Z 

9900 

4.8 

ohms 

Transconductance . 

— — 

9000 

— 

/£mhos 
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Plate Current . — 450 ■ 46 — mA 

Grld-No.2 Current . — 29* 1.8 — mA 

Grid-No. 1 Voltage (Approx.) for 

plate current of 1 mA . —64 — —32 — volts 

* Grid-No.2 tied to plate 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


21HJ5 Refer to chart at end of section. 

21JS6A For replacement use type 23JS6A. 

21JV6 Refer to chart at end of section. 


21JZ6 BEAM POWER TUBE 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 39A; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 21; 
amperes, 0.45; average warm-up time, 11 seconds; 
maximum heater-cathode volts, dt200 peak, 100 aver¬ 
age. 



12GD 


Class Ai Amplifier 

Triode A 

CHARACTERISTICS Connection Pentode Connection 


Plate Voltage . 

Grid No.3 (Suppressor Grid) . 

Grid-No.2 (Screen-Grid) Voltage .... 
Grid-No. 1 (Control-Grid) Voltage .... 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate 
current of 1.0 mA . 

4 Grid No.2 connected to plate. 


13j 5000 50 130 

Connected to cathode at socket 

— 130 130 130 

—20 — 0 —20 

4.8 — — — 

— — — 9900 

— — — 9000 

— — 450 46 

— — 29 1.8 

— _64 — —32 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage . 

DC Grid-No.3 Voltage, Positive-bias value . 

Grid-No.2 Voltage . 

DC Grid-No.l Voltage, Negative-bias value . 

Peak Negative-Pulse Grid-No.l Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation ■ . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance .. 


770 

6500 

1500 

70 

220 

55 

330 

800 

230 


0.0 

220 


1 


volts 

volts 

volts 

ohms 

/imhos 

mA 

mA 

volts 


volts 

volts 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


megohm 


■ A bias resistor or other means is required to protect the tube in absence of excitation. 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
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BEAM POWER TUBE 21KA6 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16A; requires 
duodecar 12-contact socket. A separate connection is 
provided for grid No.3 to minimize “snivets.” 


12GH 


Heater Voltage . 




21 

volts 

Heater Current . 




0.45 

ampere 

Heater Warm-up Time . 

Heater-Cathode Voltage: 




11 

seconds 

Peak value . 




±200 max 

volts 

Average value . 

Class Ai 

Amplifier 


100 max 

volts 

CHARACTERISTICS 






Plate Voltage . 

Grid-No.3 (Suppressor-Grid) 

5000 

60 

60 

130 

volts 

Voltage . 

0 

0 

25 

0 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

130 

130 

130 

130 

volts 

Grid-No. 1 (Control-Grid) Voltage 

— 

0 

0 

—20 

volts 

Plate Resistance (Approx.) . 

— 

— 

— 

11000 

ohms 

Transconductance . 

. 

_ 

_ 

9100 

/tmhos 

mA 

Plate Current . 

— 

410* 

410* 

50 

Grid-No.3 Current . 

— 

— 

2 

— 

mA 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for 

— 

24* 

23* 

1.75 

mA 

plate current of 1 mA . 

—66 

— 

— 

—33 

volts 

Triode Amplification Factor . 

— 

— 

— 

4.7 



* This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage . 

Grid-No.3 Voltage, Positive-bias value . 

Grid-No. 2 Voltage . 

Grid-No.l Voltage, Negative-bias value . 

Peak Negative-Pulse Grid-No.l Voltage . 

Average Cathode Current . 

Peak Cathode Current . 

Plate Dissipation . 

Grid-No. 2 Input . 

Bulb Temperature (At hottest point) . 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 


770 

volts 

6500 

volts 

1500 

volts 

70 

volts 

220 

volts 

65 

volts 

330 

volts 

230 

mA 

800 

mA 

18 

watts 

3.5 

watts 

220 

°C 

1 

megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 



BEAM POWER TUBE 21KQ6 

29KQ6/PL521 

Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 40A; requires 
magnoval 9-contact socket. Type 29KQ6/PL521 is iden¬ 
tical with type 21KQ6 except for heater ratings. 


21KQ6 29KQ6/PL521 

Heater Voltage . 21.5 29 volts 

Heater Current .. 0.45 0.3 ampere 
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Heater-Cathode Voltage: 

Peak value . 

Average value . 


Class Ai Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.3 (Suppressor-Grid) Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage for plate current of 50 /aA . 


±240 

±240 

volts 

±240 

±240 

volts 


40 

50 

volts 

0 

0 

volts 

135 

200 

volts 

0 

—12 


450 

550$ 

mA 

35 

60$ 

mA 

—55 max. 

— 

volts 


$ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage# . . 

Grid-No.3 Voltage . 

Grid-No.2 Voltage . 

Peak Negative-Pulse Grid-No.l Voltage . 

Average Cathode Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance . 

Grid-No. 1-Circuit Resistance, for horizontal-deflection circuit 


275 

volts 

6500 

volts 

1660 

volts 

70 

volts 

276 

volts 

330 

volts 

275 

mA 


0.6 

megohm 

2.2 

megohms 


# Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 


21LG6 


Refer to chart at end of section. 


21LG6A BEAM POWER TUBE KGa( 

Duodecar type used as horizontal-deflection amplifier ic(sji 
in color television receivers. Outlines section, 16B; re- r 
quires duodecar 12-contact socket. Heater: volts, 21; ,c 
ampere, 0.6; maximum heater-cathode volts, ±200 peak, h 

100 average. 12HL 



Class Ai Amplifier 


CHARACTERISTICS 


Triode* 

Connection Pentode Connection 


Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage .... 
Grid-No.l (Control-Grid) Voltage .... 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate 

current of 1 mA . 

Amplification Factor . 


125 

6000 

50 

175 

volts 

125 

125 

125 

125 

volts 

—25 

— 

0 

—23 

volts 

— 

— 

— 

7500 

ohms 

— 

— 

— 

11500 

fim hos 

— 

— 

600 

90 

mA 

— 

— 

42 

1.7 

mA 

3.6 

—115 

— 

—45 

volts 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 900 

Peak Positive-Pulse Plate Voltage# . 7500 

Peak Negative-Pulse Plate Voltage . 100 


volts 

volts 

volts 
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Grid-No.2 Voltage . 250 volts 

Grid-No. 1 Voltage, Negative-bias value . 300 volts 

Plate Dissipation* . 28 watts 

Grid-No.2 Input . 5 watts 

Average Cathode Current . 315 mA 

Peak Cathode Current . 1100 mA 

Bulb Temperature . 250 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No.1 Circuit Resistance : 

With feedback type high voltage regulation . 1.8 megohms 

With shunt-type high voltage regulation (switching mode) .... 2.2 megohms 


* Grid-No. 2 tied to plate. 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ A bias resistor or other means is required to protect the tube in absence of excitation. 


Refer to type 6LR8. 21LR8 

Refer to type 6LU8. 21LU8 

Refer to chart at end of section. 21MY8 

Refer to chart at end of section. 22 

Refer to chart at end of section. 22BH3 

Refer to chart at end of section. 22BH3A 



IC K 

IC 

(S) ( t ) ic 



p (?r 

' _lI vvj ) 10 

NC(|1 

1 ^ /® p 

NC®> 


(1 

) v?/ 

H 

H 


12FX 


HALF-WAVE 
VACUUM RECTIFIER 


22BW3 

17BW3 


Duodecar type used as damper tube in horizontal-de¬ 
flection circuits of television receivers. Outlines sec¬ 
tion, 8D; requires duodecar 12-contact socket. Type 
17BW3 is identical with type 22BW3 except for heater 
ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Direct Interelectrode Capacitances: 
Cathode to Heater and Plate . 
Plate to Cathode and Heater . 
Heater to Cathode . 


17BW3 

22BW3 


16.8 

22.4 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 


8.5 

PF 


6 

PF 


3.8 

pF 


Damper Service 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current. 

Average Plate Current . 

Plate Dissipation . 

Heater-Cathode Voltage: 


Peak value . -f-300 

Average value . +100 


CHARACTERISTICS, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 

# Pulse duration must not exceed 15% of one horizontal scanning 


5000 

volts 

1100 

mA 

175 

mA 

6.5 

watts 

—5000 

volts 

—900 

volts 

32 

volts 

cycle (10 

microseconds). 


Refer to type 6DE4/6CQ4. 22DE4 

Refer to type 6JF6. 22JF6 

Refer to chart at end of section. 22JG6 

Refer to type 6JG6A. 22JG6A 
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22JR6 

Refer to type 6JR6. 

22JU6 

Refer to type 6JU6. 

22KM6 

Refer to type 6KM6. 

22KV6A 

Refer to type 6KV6A. 

23JS6A 

Refer to type 6JS6C. 


23Z9 

Duodecar type used 


DUAL TRIODE— 

BEAM POWER TUBE 

in combined vertical-deflection- 
oscillator and vertical-deflection-amplifier applications 
in television receivers. Outlines section, 8B; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 23; 
amperes, 0.45; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 



Class Ax Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) 
Grid-No.l (Control-Grid) 

Amplification Factor . 

Plate Resistance (Approx.) 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) 

current of 100 fiA . 

Grid Voltage (Approx.) for 
current of 10 /iA . 


Triode 
Unit No.l 


Triode 
Unit No.2 


Beam Power 
Unit 


Voltage 

Voltage 


for plate 
plate 


150 

150 

45 

120 

volts 

-— 

— 

110 

110 

volts 

—2 

—5 

0 

—8 

volts 

43 

20 

— 

— 


11000 

8500 

— 

11700 

ohms 

3900 

2350 

— 

7100 

/rnihos 

5.4 

5.5 

122 

46 

raA 

— 


16.5 

3.5 

mA 

— 

— 

— 

—25 

volts 

—5.7 

—11 

— 

— 

volts 


Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Grid-No.2 Voltage . 

Peak Negative-Pulse Grid-No.l Voltage . 

Grid Voltage, Positive-bias value . 

Plate Dissipation . 

Grid-No.2 Input . 

Peak Cathode Current . 

Average Cathode Current . 

Peak Plate Current . 

Average Plate Current . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 


# Pulse duration must not exceed 15% of 


Triode 
Unit No.l 

Triode 
Unit No.2 

Beam Power 

Unit 

Amplifier 

Oscillator 

Amplifier 

330 

250 

250 

volts 

— 

— 

2000 

volts 

— 

— 

200 

volts 

— 

400 

150 

volts 

0 

— 

— 

volts 

125 

1 

7 

watts 

— 

— 

1.8 

watts 

— 

— 

245 

mA 

— 

— 

70 

mA 

— 

70 

— 

mA 

— 

20 

— 

mA 

0.5 

1 

1 

megohm 

sontal scanning cycle 

(10 microseconds). 


24A 

Refer to chart at end of section. 

24BF11 

Refer to type 6BF11. 

24JE6A 

Refer to chart at end of section. 

For replacement use type 24LQ6/24JE6C. 

24JE6C 

For replacement use type 24LQ6/24JE6C. 

24JZ8 

Refer to type 6JZ8. 
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For replacement use type 24LQ6/24JE6C. 
Refer to type 6MJ6/6LQ6/6JE6C. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6AV5GA. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BQ6GTB/6CU6. 

Refer to type 50C5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 25C5. 

Refer to chart at end of section. 
Refer to type 6CD6GA. 

Refer to type 6CG3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12CT3. 

Refer to type 6BQ6GTB/6CU6. 

Refer to type 6DL3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6EH5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JZ8. 

Refer to chart at end of section. 


24LQ6 

24LQ6/24JE6C 

24LZ6 

25A6 

25A6GT 

25A7GT 
25AC5GT 
25AV5GA 
25AX4GT 
25B5 
25B6G 
25B8GT 
25BK5 
25BQ6GT 
25BQ6GTB/ 25CU6 
25C5 
25C6G 

25CA5 

25CD6GA 

25CD6GB 

25CG3 

25CK3 

25CM3 

25CT3 

25CU6 

25DL3 

25DN6 

25E5/PL36 

25EC6 

25EH5 

25F5A 

25HX5 

25JQ6 

25JZ8 

25L6 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 25L6GT/25W6GT 
Refer to chart at end of section. 


25L6GT / 25W6GT 
25N6G 
25W4GT 

25W6GT 

25Y5 

25Z5 

25Z6 

25Z6GT 

26 

26A6 

26A7GT 

26C6 

26D6 


Refer to chart at 
Refer to chart at 

Refer to chart at 

Refer to chart at 
Refer to chart at 
Refer to chart at 
Refer to chart at 
Refer to chart at 


end of section, 
end of section. 

end of section. 

end of section, 
end of section, 
end of section, 
end of section, 
end of section. 


26HU5 BEAM POWER TUBE 

Glass octal type used as horizontal-deflection amplifier 
in color television receivers. Outlines section, 21B; re¬ 
quires octal socket. Heater: volts (ac/dc), 26; ampere, 
0.6; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 



8NB 


Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage .... 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No. 2 Current . 

Grid-No.l Voltage (Approx.) for plate current 

of 1 mA . 

Amplification Factor . 

t Grid No.2 tied to plate. 

■ This value can be measured by a m< 
maximum ratings of the tube will not be exceeded. 


Triode$ 

Connection 


Pentode 

Connection 


150 

45 

60 

175 

volts 

150 

160 

110 

110 

volts 

.. —22.5 

0 

0 

—21 

volts 

— 

— 

— 

6000 

ohms 

— 

— 

— 

14000 

/tmhos 

_ 

1100" 

750" 

125 

mA 

nt 

110- 

42" 

3.3 

mA 


— 

— 

—40 

volts 

4 

— 

— 

— 


involving a 
exceeded. 

recurrent 

waveform such 

that the 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage 990 volts 

Peak Positive Pulse Plate Voltage# . 7000 volts 

Grid-No.2 Voltage 250 volts 

Grid-No.l Voltage, Negative-bias value . 250 volts 

Plate Dissipation* (Absolute-maximum value) . 33 watts 

Grid-No.2 Input . 5 watts 

Average Cathode Current . 400 mA 

Peak Cathode Current . 1400 mA 

Bulb Temperature (At hottest point) . 250 °C 
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# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

* A bias resistor or other means is required to protect the tube in absence of excitation. 

MAXIMUM CIRCUIT VALUES 


Grid-No. 1-Circuit Resistance: 

With Feedback-type high voltage regulation . 1-2 megohms 

With Shunt-type high voltage regulation (switching mode) ... 2.2 megohms 


Refer to chart at end of section. 


26LW6 



BEAM POWER TUBE 26LX6 

Duodecar type used as a horizontal-deflection amplifier 
in color and black-and-white television receivers. Out¬ 
lines section, 16C; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 26; ampere, 0.6; warm-up time, 
11 seconds; maximum heater-cathode volts, ±200 peak, 
100 average. 


Class Ai Amplifier 


CHARACTERISTICS 

Triode* 

Connection 

Pentode Connection 


Plate Voltage . 

175 

5000 

45 

175 

volts 

Grid-No. 3 (Suppressor-Grid) . 



Connected to cathode at socket 

Grid-No. 2 (Screen-Grid) Voltage . 

175 

110 

160 

110 

volts 

Grid-No. 1 (Control-Grid) Voltage . 

. —21 

— 

0 

—21 

volts 

Plate Resistance (Approx.) . 

— 

— 

— 

6000 

ohms 

Transconductance . 

. — 

— 

— 

14000 

/imhos 

Plate Current . 

— 

— 

11004 : 

125 

mA 

Grid-No. 2 Current . 

— 

— 

110$ 

3.3 

mA 

Grid-No. 1 Voltage (Approx.) for plate 
current of 1 mA . 

_ 

—125 

_ 

_ 

volts 

Amplification Factor . 

! 4 

— 

— 

— 



♦ Grid-No. 2 tied to plate. 

t This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage . 

Peak Positive Pulse Plate Voltage# (Absolute Maximum Value) 

Peak Negative-Pulse Plate Voltage . 

Grid-No. 3 Voltage, Positive-bias value . 

Grid-No. 2 Voltage . 

Peak Negative Grid-No. 1 Voltage . 

Peak Cathode Current . 

Average Cathode Current . 

Plate Dissipation* (Absolute Maximum Value) . 

Grid-No. 2 Input . 

Bulb Temperature (At hottest point) . 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

With feedback-type high voltage regulation . 

With shunt-type high voltage regulation (switching mode) 
Grid-No. 3-Circuit Resistance . 

MIMIMUM RECOMMENDED GRID DRIVE 


Peak Positive Pulse Plate Voltage . 5000 

Peak Negative Grid-No. 1 Voltage for grid-No. 2 voltage 

of 150 volts . —190 

Peak Negative Grid-No. 1 Voltage for grid-No. 2 voltage 

of 200 volts . —210 


990 

volts 

7000 

volts 

100 

volts 

0 

volts 

250 

volts 

250 

volts 

1400 

mA 

400 

mA 

33 

watts 

5 

watts 

240 

°C 

1.2 

megohms 

2.2 

megohms 

0 

ohms 

6000 

volts 

—210 

volts 

—235 

volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ A bias resistor or other means is required to protect the tube in absence of excitation. 
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27 

27GB5/PL500 

29KQ6/PL521 


Refer to chart at end of section. 

Refer to type 6GB5/EL500. 
Refer to chart at end of section. 


29LE6 BEAM POWER TUBE 

Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 40A; requires 
magnoval 9-contact socket. 



Heater Voltage . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value .... 


29 

volts 

0.3 

ampere 

±240 

volts 

±240 

volts 


Class At Amplifier 

CHARACTERISTICS 


Plate Voltage . 40 50 

Grid-No.3 (Suppressor-Grid) Voltage . 0 0 

Grid-No.2 (Screen-Grid) Voltage . 135 200 

Grid-No.l (Control-Grid) Voltage . 0 —12 

Plate Current . 450 550$ 

Grid-No.2 Current . 35 50$ 

Grid-No.l Voltage for plate current of 50 jrA . —55 max. — 


volts 

volts 

volts 

mA 

mA 

volts 


$ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Peak Positive-Pulse Plate Voltage# . 

Peak Negative-Pulse Plate Voltage# . 

Grid-No.3 Voltage . 

Grid-No.2 Voltage . 

Peak Negative-Pulse Grid-No.l Voltage . 

Average Cathode Current .. 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance . 

Grid-No.l-Circuit Resistance, for horizontal-deflection circuit 


275 

volts 

6500 

volts 

1650 

volts 

70 

volts 

275 

volts 

330 

volts 

275 

mA 

0.5 

megohm 

2.2 

megohms 


# Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 


30 


Refer to chart at end of section. 


30AE3/ 

PY88 


DIODE 


Miniature type used as booster diodes in line-time- 
base circuits of transformerless television receivers. 
Outlines section, 7D; requires miniature 9-contact 
socket. Heater: volts (ac/dc), 30; amperes, 0.3; maxi¬ 
mum heater-cathode volts, 6600 peak. 



ic 

ic 


9CB 


MAXIMUM RATINGS (Design-Center Values) 


Supply Voltage at zero current . 550 volts 

Supply Voltage .. 250 volts 

Peak Plate Current . 550 mA 
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Average Plate Current . 220 mA 

Plate Dissipation . 6 watts 

Peak Negative-Pulse Plate Voltage* . 6000# volts 


* Under no conditions should an absolute maximum value of 7500 volts be exceeded. 

# The pulse duration must not exceed 22 per cent of a cycle, or a maximum of 18 micro¬ 
seconds. 


Refer to chart at end of section. 30AG 11 

Refer to chart at end of section. 30JZ6 

Refer to type 6KD6. 30KD6 

Refer to chart at end of section. 30MB6 

Refer to chart at end of section. 31 

Refer to chart at end of section. 31 ALIO 

Refer to chart at end of section. 31JS6A 

Refer to type 6JS6C. 31JS6C 

Refer to type 6MJ6/6LQ6/6JE6C. 31LQ6 

Refer to type 6LR8. 31LR8 



BEAM POWER TUBE 31LZ6 

Novar type used for horizontal-deflection amplifier in 
color television receivers. Outlines section, 32C; requires 
novar 9-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode. Heater, Grid No.2, and Grid No.3 . . . 


31 

volts 

0.45 

ampere 

11 

seconds 

±200 max 

volts 

100 max 

volts 

0.6 

PF 

22 

PF 

11 

pF 


Class At Amplifier 

Triodef 

CHARACTERISTICS Connection Pentode Connection 


Plate Voltage . 125 

Peak Positive-Pulse Plate Voltage# . . — 

Grid No.3 (Suppressor Grid) . — 

Grid-No.2 (Screen-Grid) Voltage . 125 

Grid-No. 1 (Control-Grid) Voltage .... —25 

Amplification Factor . 3 


Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current. 

Grid-No. 1 Voltage for plate current 
of 1 mA . 


— 

55 

175 

volts 

5000 

— 

— 

volts 

30 

30 

30 

volts 

130 

125 

125 

volts 

— 

0 

—25 

volts 

_ 


6000 

ohms 

— 

— 

11000 

/*mhos 

— 

800ft 

140 

mA 

— 

56ff 

2 

mA 

—125 

— 

—50 

volts 


Horizontal-Deflection Amplifier 


For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 990 

Peak Positive-Pulse Plate Voltage# . 7500 

Peak Negative-Pulse late Voltage . 1100 

DC Grid-No.3 Voltage" . 75 


volts 

volts 

volts 

volts 
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DC Grid-No.2 Voltage . 

Peak Negative-Pulse Grid-No.l Voltage 

Peak Cathode Current . 

Average Cathode Current . 

Grid-No.2 Input . 

Plate Dissipation” . 

Bulb Temperature (At hottest point) 


220 

volts 

330 

volts 

1200 

mA 

350 

mA 

5 

watts 

30 

watts 

240 

°C 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 
For cathode-bias operation 
For grid-leak-bias operation 
For fixed-bias operation . . 


1 megohm 

10 megohms 

0.47 megohm 


# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds), 
f Grid No.2 connected to plate. 

f f This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

■ In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter¬ 
ference ; a typical value for this voltage is 30 volts. 

«■ A bias resistor or other means is required to protect the tube in absence of excitation. 




0 100 200 300 400 500 PLATE VOLTS 92CS-I7682T 

PLATE VOLTS 92CS-I768ITI 


32 

32ET5 

32ET5A 

32HQ7 

32L7GT 

33 

33GT7 

33GY7 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


33GY7A DIODE—BEAM POWER tube 

50GY7A 

Duodecar type used as combined damper diode and 
horizontal-deflection amplifier in television receivers. 
Socket terminals 1, 3, 6 and 7 should not be used as 
tie points. Outlines section, 15A; requires duodecar 12- 
contact socket. Type 50GY7A is identical with type 
33GY7A except for heater ratings. 


NC 1C 



GRID-No.2 MILLIAMPERES (Ic 2 ) 















Technical Data 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value . 

Average value . 
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33GY7A 50GY7A 

33.6 50 volts 

0.45 0.3 ampere 

11 11 seconds 

±200 max ±200 max volts 

100 max 100 max volts 


Beam Power Unit as Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage .... 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate 

current of 1 mA . 

* Grid No.2 tied to plate. 


Triode* 

Pentode Connection Connection 


5000 

60 

130 

130 

volts 

130 

130 

130 

130 

volts 

— 

0 

—22.5 

—22.5 

volts 

_ 

_ 

10000 

4 

ohms 

•— 

— 

6500 

— 

/imhos 

— 

320* 

48 

— 

mA 

— 

22* 

2.9 

__ 

mA 

—80 

— 

—40 

— 

volts 


■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


Beam Power Unit as Horizontal-Deflection Amplifier 

For operation in a 525-line, SO-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 400 volts 

Peak Positive-Pulse Plate Voltage# . 5000 volts 

Peak Negative-Pulse Plate Voltage . 0 volts 

DC Grid-No.2 Voltage . 150 volts 

DC Grid-No.l Voltage . —55 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Peak Cathode Current . 540 mA 

Average Cathode Current . 155 mA 

Plate Dissipation! . 0 watts 

Grid-No.2 Input . 3 watts 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 1 megohm 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
t A bias resistor or other means is required to protect the tube in absence of excitation. 


Damper Service (Diode Unit) 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 

Peak Plate Current . 

Average Plate Current . 

Plate Dissipation .. 

Heater-Cathode Voltage: 


Peak value . -j-200 

Average value . -j-100 


Bulb Temperature (At hottest point) . 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 250 mA 


4200 

volts 

810 

mA 

135 

mA 

3.8 

watts 

—4200 

volts 

—400 

volts 

200 

°C 

21 

volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


Refer to type 6JR6. 33JR6 

Refer to chart at end of section. 33JV6 

Refer to chart at end of section. 34 

Refer to type 6CE3/6CD3/6DT3. 34CE3 

Refer to chart at end of section. 34CM3 



































34GD5 

Refer 

34GD5A 

Refer 

34R3 

Refer 

35 

Refer 

35A5 

Refer 

35B5 

Refer 
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to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section. 


35C5 beam power tube 

Miniature type used in output stage of compact, ac/dc 
radio receivers. Outlines section, 5D; requires miniature 
7-contact socket. This tube, like other power-handling 
tubes, should be adequately ventilated. Except for ter¬ 
minal connections and slightly higher ratings, type 
35C5 is equivalent in performance to miniature type 
35B5 and, within its maximum ratings, to glass octal 
type 35L6GT. 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 

Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage .:. 

Grid-No. 2 (Screen-Grid) Voltage . 

Plate Dissipation . 

Grid-No. 2 Input . 

Bulb Temperature (At hottest point) . 

TYPICAL OPERATION 

Plate Voltage ... 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current 

Maximum-Signal Grid-No.2 Current . 

Plate Resistance (Approx.) . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 



7CV 


35 

volts 

0.15 

ampere 

±200 max 

volts 

100 max 

volts 

0.6 

PF 

12 

pF 

9 

PF 


150 

volts 

130 

volts 

5.2 

watts 

1.1 

watts 

250 

°C 

110 

volts 

110 

volts 

—7.5 

volts 

7.5 

volts 

40 

mA 

41 

mA 

3 

mA 

7 

mA 

13000 

phms 

5800 

/imhos 

2500 

ohms 

10 

per cent 

1.5 

watts 


0.1 megohm 

0.5 megohm 


Installation and Application 

The 35-volt heater is designed to operate under the normal conditions 
of line-voltage variation without materially affecting the performance or 
serviceability of the 35C5. For operation of the 35C5 in series with other 
types having 0.15-ampere rating, the current in the heater circuit should 
be adjusted to 0.15 ampere for the normal supply voltage. 






























TECHNICAL DATA 


4£>1 


In a series-heater circuit of the “dc-power line” type employing sev¬ 
eral 0.15-ampere types and one or two 35C5s, the heater(s) of the 35C5(s) 
should be placed on the positive side of the line. Under these conditions, 
heater-cathode voltage of the 35C5 must not exceed the value given under 
maximum ratings. In a series-heater circuit of the “universal” type em¬ 
ploying rectifier tube 35W4, one or two 35C5s and several 0.15-ampere 
types, it is recommended that the heater(s) of the 35C5(s) be placed in 
the circuit so that the higher values of heater-cathode bias will be im¬ 
pressed on the 35C5(s) rather than on the other 0.15-ampere types. This is 
accomplished by arranging the 35C5(s) on the side of the supply line which 
is connected to the cathode of the rectifier, i.e., the positive terminal of the 
rectified voltage supply. Between this side of the line and the 35C5(s), any 
necessary auxiliary resistance and the heater of the 35W4 are connected 
in series. 

As a power amplifier (class Ai), the 35C5 is recommended for use either 
singly or in push-pull combination in the power-output stage of ac/dc re¬ 
ceivers. The operating values shown under typical operation have been de¬ 
termined on the basis that grid-No.l current does not flow during any part 
of the input cycle. 



Refer to chart at end of section. 35DZ8 

Refer to chart at end of section. 35EH5 

Refer to chart at end of section. 35GL6 

Refer to chart at end of section. 35L6GT 

Refer to type 6LR6. 35LR6 



HALF-WAVE 
VACUUM RECTIFIER 


35W4 


Miniature type used in power supply of ac/dc re¬ 
ceivers. Outlines section, 5D; requires miniature 7- 
contact socket. This type is equivalent in performance 
to glass-octal type 35Z5GT. The heater is provided with 
a tap for operation of a panel lamp. 
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Heater Voltage (ac/dc) : 

Entire Heater (pins 3 and 4) . 

Panel Lamp Section (pins 4 and 6) 
Heater Current: 

Between Pins 3 and 4 . 

Between Pins 3 and 6 . 

Peak Heater-Cathode Voltage . 

* Without panel lamp. 

** With No.40 or No.47 panel lamp. 


* ** 


35 

32 

volts 

7.5 

5.5 

volts 

0.15 

_ 

ampere 

— 

0.15 

ampere 


±360 max 

volts 


Half-Wave Rectifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current . 

Average Output Current: 

With Panel Lamp and { 

Without Panel Lamp . 

Panel-Lamp-Section Voltage: 

When Panel Lamp Fails . 


360 

660 

66 

100 

110 

17 


volts 

mA 

mA 

mA 

mA 

volts 


AC Plate-Supply Voltage (rms) . 

Filter-Input Capacitor . 

Minimum Total Effective Plate-Supply Impedance 

Panel-Lamp Shunting Resistor . 

Average Output Current . 


117 

117 

117 

117 

volts 

40 

40 

40 

40 

ftF 

15 

15 

15 

15 

ohms 

— 

300 

150 

100 

ohms 

60 

70 

80 

90 

mA 


t No.40 or No.47 panel lamp used in circuit given below with capacitor-input filter. 


Installation and Application 


OPERATION CHARACTERISTICS 
HALF-WAVE RECTIFIER 


|**°l 

<200j 

tn 

S , 

> 150 


1-1-1-1-1-1-1-1-I 

type 35W4 

E^=35 VOLTS BETWEEN PINS N2 3 & 

• T N2 4 (NO TAP CONNECTION) - 
PLATE VOLTS = 117 RMS 
TOTAL EFFECTIVE PLATE-SUPPLY ' 
IMPEDANCE = I5 OHMS 
C = CAPACITOR INPUT TO FILTER 


25 50 75 100 

LOAO MILLIAMPERES 

92CM-66I5TI 


For heater considerations, refer to 
miniature type 35C5. 

With the panel lamp connected as 
shown in the diagram, the drop across 
R and all heaters (with panel lamp) 
should equal 117 volts at 0.15 ampere. 
The shunting resistor R s is required 
when dc output current exceeds 60 milli- 
amperes. Values of R s for dc output cur¬ 
rents greater than 60 milliamperes are 
given in tabulated data. 


TYPE 



TYPICAL OPERATION WITHOUT PANEL LAMP 

AC Plate-Supply Voltage (rms) . 117 volts 

Filter-Input Capacitor . 40 /iF 

Minimum Total Effective Plate-Supply Impedance . 15 ohms 

Average Output Current . 100 mA 

DC Output Voltage at Input to Filter (Approx.) : 

At half-load current (50 mA) . 135 volts 

At full-load current (100 mA) . 120 volts 

Voltage Regulation (Approx.) : 

Half-load to full-load current . 15 volts 

MAXIMUM CIRCUIT VALUES 

Panel-Lamp Shunting Resistor :* 

f 70 mA . 800 ohms 

For dc output current of f 80 mA . 400 ohms 

l 90 mA . 250 ohms 


* Required when dc output current is greater than 60 milliamperes. 
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Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 


35Y4 

35Z3 

35Z4GT 



35Z5GT 


HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supply of ac/dc re¬ 
ceivers. The heater is provided with a tap for opera¬ 
tion of a panel lamp. Outlines section, 13D; requires 
octal socket. This type may be supplied with pin No.l 
omitted. For installation and application considera¬ 
tions, refer to miniature type 35W4. 


Heater Voltage (ac/dc) : 

Entire Heater (pins 2 and 7) . 

Panel Lamp Section (pins 2 and 3) 
Heater Current: 

Between Pins 2 and 7 . 

Between Pins 3 and 7 . 

Peak Heater-Cathode Voltage . 


35 

32 

volts 

7.5 

5.5 

volts 

0.15 

— 

ampere 

— 

0.15 

ampere 


±350 max 

volts 


700 

600 

60 

90 

100 

15 


volts 

mA 

mA 

mA 

mA 

volts 


* Without panel lamp. 

** With No.40 or No.47 panel lamp. 

Half-Wave Rectifier 

MAXIMUM RATINGS (Design-Center Values) 

Peak Inverse Plate Voltage . 

Peak Plate Current . 

Average Output Current: 

With Panel Lamp and { . W. 

Without Panel Lamp . 

Panel-Lamp-Section Voltage (rms) : 

When Panel Lamp Fails . 

TYPICAL OPERATION WITH PANEL LAMP? 

AC Plate-Supply Voltage (rms) .... 

Filter-Input Capacitor . 

Minimum Total Effective Plate- 

Supply Impedance . 

Panel-Lamp Shunting Resistor . 

Average Output Current . 

t No.40 or No.47 panel lamp used in circuit with capacitor-input filter given under type 35W4. 
TYPICAL OPERATION WITHOUT PANEL LAMP? 

AC Plate-Supply Voltage (rms) . 

Filter-Input Capacitor . 

Minimum Total Effective Plate-Supply Impedance 

Average Output Current . 

DC Output Voltage at Input to Filter (Approx.) : 

At half-load current (50 mA) 


117 

117 

117 

117 

235 

volts 

40 

40 

40 

40 

40 

JiF 

15 

15 

15 

15 

100 

ohms 

— 

300 

150 

100 

— 

ohms 

60 

70 

80 

90 

60 

mA 


117 

40 

15 

100 


235 

40 

100 

100 


volts 

fiF 

ohms 

mA 


At full-load current (100 mA) 
Voltage Regulaton (Approx.) : 

Half-load to full-load current . 

MAXIMUM CIRCUIT VALUES 

Panel-Lamp Shunting Resistor* : 

For dc ouptut current of 


140 

120 


280 

235 


volts 

volts 


20 


70 mA 
80 mA 
90 mA 


800 

400 

250 


volts 


ohms 

ohms 

ohms 


* Required when dc output current is greater than 60 milliamperes. 


Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to type 6KD6. 


36 

36AM3 

36AM3A 

36AM3B 

36KD6/40KD6 
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BEAM POWER TUBE 36MC6 

Novar type used for horizontal-deflection amplifier in 
color television receivers. Outlines section, 18D; requires 
novar 9-contact socket. 


Heater Voltage (ac/dc) . 36 volts 

Heater Current . 0.46 ampere 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 1.0 pF 

Grid No.l to Cathode, Heater, Grid No.2 and Grid No.3 . 40 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 16 pF 


Class Ai Amplifier 


CHARACTERISTICS Connection Pentode Connection 


Plate Voltage . 

175 

_ 

45 

60 

175 

volts 

Peak Positive-Pulse Plate Voltage# . . 

— 

5000 

— 

— 


volts 

Grid No.3 (Suppressor Grid) . 

— 

30 

30 

30 

30 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

175 

110 

110 

110 

110 

volts 

Grid-No.l (Control-Grid) Voltage .... 

—21 


0 

0 

—21 

volts 

Amplification Factor . 

4 

_ 

— 

—. 



Plate Resistance (Approx.) . 

— 

_ 

— 

— 

6000 

ohms 

Transconductance . 

— 

_ 

— 

— 

14000 

/imhos 

Plate Current. 

— 

_ 

HOOff 

750ft 

125 

mA 

Grid-No.2 Current. 

Grid-No.l Voltage for plate current 

— 

— 

HOtf 

42ff 

3.3 

mA 

of 1 mA . 

— 

—125 

— 

— 

—40 

volts 




Horizontal-Deflection Amplifier 

For operation in a 625-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


DC Plate Supply Voltage . 990 volts 

Peak Positive-Pulse Plate Voltage# . 7500 volts 

Peak Negative-Pulse Plate Voltage . 1100 volts 

DC Grid-No. 3 Voltage* . 75 volts 

DC Grid-No.2 Voltage . 250 volts 
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Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Peak Cathode Current . 1400 mA 

Average Cathode Current . 400 mA 

Grid-No.2 Input . 5 watts 

Plate Dissipation*" . 33 watts 

Bulb Temperature (At hottest point) . 250 °C 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

For cathode-bias operation . 1 megohm 

For grid-leak-bias operation . 10 megohms 

For fixed-bias operation . 0.47 megohm 


# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds), 
t Grid No.2 connected to plate. 

tf This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

■ In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter¬ 
ference ; a typical value for this voltage is 30 volts. 

■■A bias resistor or other means is required to protect the tube in absence of excitation. 


Refer to chart at end of section. 


37 


Refer to chart at end of section. 
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NC 1C 



DIODE—BEAM POWER TUBE 38HE7 

Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15D; requires duodecar 12- 
contact socket. Heater: volts (ac/dc), 37.8; amperes, 
0.45; warm-up time, 11 seconds; maximum heater-cath¬ 
ode volts, ±200 peak, 100 average. 


Beam Power Unit As Class Ai Amplifier 


CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage .... 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate 

current of 1 mA . 

Amplification Factor ... 

** Grid No.2 tied to plate. 


Pentode Connection 

Triode** 

Connection 


5000 

50 

130 

130 

volts 

130 

130 

130 

130 

volts 

— 

0 

—22 

—22 

volts 

— 

— 

6200 

— 

ohms 

— 

450 

8800 

60 

— 

/imhos 

mA 

— 

40 

2.8 

— 

mA 

—80 

z 

—39 

4.2 

volts 


Beam Power Unit as Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Ratings) 

Plate Voltage . 500 volts 

Peak Positive-Pulse Plate Voltage# . 5000 volts 

Peak Negative-Pulse Plate Voltage . 0 volts 

Grid-No.2 Voltage . 150 volts 

DC Grid-No.l Voltage, Negative-bias value . 55 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Average Cathode Current . 230 mA 

Peak Cathode Current . 800 mA 

Plate Dissipation - } - . 10 watts 

Grid-No.2 Input . 3.5 watts 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 1 megohm 


f A bias resistor or other means is required to protect the tube in 


absence of excitation. 
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Damper Service—Diode Unit 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 4200 

Peak Plate Current . 1200 

Average Plate Current . 200 

Heater-Cathode Voltage: 

Peak value ... +200 —4200 

Average value . +100 —500 

Bulb Temperature (at hottest point) . 200 

CHARACTERISTICS, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 21 


volts 

mA 

mA 

volts 

volts 

°C 


volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


38HK7 

53HK7 DIODE—BEAM POWER TUBE 

Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15D; requires duodecar 12- 
contact socket. Type 53HK7 is identical with 38HK7 ex¬ 
cept for heater ratings. 


1JV^ G| p 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Intereiectrode Capacitances (Approx.) : 
Diode Unit: 

Plate to Cathode and Heater . 

Cathode to Plate and Heater . 

Heater to Cathode . 

Beam Power Unit: 

Grid No.l to Plate . 


38HK7 

53HK7 


37.8 

53.2 

volts 

0.45 

0.315 

ampere 

11 

11 

seconds 

±200 max 

±200 max 

volt 

100 max 

100 max 

volts 


10 

pF 


9 

pF 


2 

pF 


0.38 

pF 

No.3 . 

19 

pF 

3.3 . 

8 

pF 


Beam Power Unit as Class Amplifier 

Triode** 


CHARACTERISTICS 

Connection 

Pentode Connection 


Plate Voltage . 

130 

3500 

50 

130 

volts 

Grid-No.2 (Screen-Grid) Voltage .... 

130 

130 

130 

130 

volts 

Grid-No.l (Control-Grid) Voltage .... 

—22 

— 

0 

—22 

volts 

Amplification Factor . 

4.2 

— 

— 

— 


Plate Resistance . 

— 

— 

— 

6200 

ohms 

Transconductance . 

— 

— 

— 

8800 

/imhos 

Plate Current . 

— 

— 

450 

60 

mA 

Grid-No.2 Current . 

— 

— 

40 

2.8 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 1 mA . 

— 

—66 

— 

—39 

volts 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance .. 




1 

megohm 


1 Grid No.2 tied to plate. 


Beam Power Unit as Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 500 volts 

Peak Positive-Pulse Plate Voltage . 5000 volts 

Peak Negative-Pulse Plate Voltage . 0 volts 

Grid-No.2 Voltage . 150 volts 

DC Grid-No.l Voltage, Negative-bias value . 55 volts 

Peak Negative-Pulse Grid-No.l Voltage . 330 volts 

Average Cathode Current . 230 mA 

Peak Cathode Current . 800 mA 

Plate Dissipation! . 10 watts 

Grid-No.2 Input . 3.5 watts 
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MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 1 megohm 

f A bias resistor or other means is required to protect the tube in absence of excitation. 


Damper Service—Diode Unit 

For operation in a 525-line, 30-frame system 


MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate Voltage# . 4200 

Peak Plate Current . 1200 

Average Plate Current . 200 

Heater-Cathode Voltage: 

Peak value . +200 —3700 

Average value . +100 —500 

Bulb Temperature (At hottest point) . 200 

CHARACTERISTIC, Instantaneous Value 

Tube Voltage Drop for plate current of 350 mA . 16 


volts 

mA 

mA 

volts 

volts 

°C 


volts 


# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 


Refer 

to 

chart 

at 

end 

of 

section. 

39/44 

Refer 

to 

chart 

at 

end 

of 

section. 

40 

Refer to chart at end of section. 

For replacement use type 36KD6/40KD6. 

40KD6 

Refer to type 

s 6KG6A/EL509. 

40KG6A/PL509 

Refer 

to 

chart 

at 

end 

of 

section. 

41 

Refer 

to 

chart 

at 

end 

of 

section. 

42 

Refer 

to 

chart 

at 

end 

of 

section. 

42EC4A/PY500 


Refer to 

type 6KN6. 

42KN6 

Refer 

to 

chart 

at 

end 

of 

section. 

43 

Refer 

to 

chart 

at 

end 

of 

section. 

45 

Refer 

to 

chart 

at 

end 

of 

section. 

45Z3 

Refer 

to 

chart 

at 

end 

of 

section. 

45Z5GT 

Refer 

to 

chart 

at 

end 

of 

section. 

46 

Refer 

to 

chart 

at 

end 

of 

section. 

47 

Refer 

to 

chart 

at 

end 

of 

section. 

48 

Refer 

to 

chart 

at 

end 

of 

section. 

49 

Refer 

to 

chart 

at 

end 

of 

section. 

50 

Refer 

to 

chart 

at 

end 

of 

section. 

50A5 

Refer 

to 

chart 

at 

end 

of 

section. 

50B5 

Refer 

to type 6BM8/ECL82. 

50BM8/UCL82 
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50C5 

25C5 


BEAM POWER TUBE 


Miniature type used in output stage of compact, ac/dc 
radio receivers. Outlines section, 5D; requires minia¬ 
ture 7-contact socket. This tube, like other power-han¬ 
dling tubes, should be adequately ventilated. Within its 
maximum ratings, type 50C5 is equivalent in perform¬ 
ance to glass octal type 50L6GT. Type 25C5 is identical 
with type 50C5 except for heater ratings. 



7CV 


25C5 

Heater Voltage (ac/dc) . 25 

Heater Current . 0.3 

Heater-Cathode Voltage: 

Peak value . ±200 max 

Average value . 100 max 


Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 


50C5 

50 

0.15 

±200 max 
100 max 


0.6 

13 

8.5 


Class A x Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 150 

Grid-No.2 (Screen-Grid) Voltage . 130 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value . 0 

Plate Dissipation . 7 

Grid-No.2 Input . 1.4 

Bulb Temperature (At hottest point) . 220 

TYPICAL OPERATION 

Plate Voltage . 120 

Grid-No.2 Voltage . 110 

Grid-No.l (Control-Grid) Voltage . —8 


volts 

ampere 

volts 

volts 


pF 

pF 


volts 

volts 

volts 

watts 

watts 

°C 


volts 

volts 

volts 



PLATE VOLTS S2CS-6603T 


Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . . . 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current 

Plate Resistance (Approx.) . 

Transconductance ... 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . . . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . . . . 


8 

volts 

49 

mA 

50 

mA 

4 

mA 

8.5 

mA 

10000 

ohms 

7500 

/imhos 

2500 

ohms 

10 

per cent 

2.3 

watts 


0.1 

megohm 

0.5 

megohm 
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Installation and Application 

The 50-volt heater is designed to operate under the normal conditions of 
line voltage variation without materially affecting the performance or 
serviceability of the 50C5. For operation of the 50C5 in series with other 
types having 0.15-ampere rating, the current in the heater circuit should 
be adjusted to 0.15 ampere for the normal supply voltage. 

In a series-heater circuit of the “dc power line” type employing several 
0.15-ampere types and one or two 50C5s, the heater(s) of the 50C5(s) should 
be placed on the positive side of the line. Under these conditions, heater- 
cathode voltage of the 50C5 must not exceed the value given under maximum 
ratings. In a series-heater circuit of the “universal” type employing rectifier 
tube 35W4, one or two 50C5s, and several 0.15-ampere types, it is recom¬ 
mended that the heater(s) of the 50C5(s) be placed in the circuit so that 
the higher values of heater-cathode bias will be impressed on the 50C5(s) 
rather than on the other 0.15-ampere types. This is accomplished by arrang¬ 
ing the 50C5(s) on the side of the supply line which is connected to the 
cathode of the rectifier, i.e., the positive terminal of the rectified voltage sup¬ 
ply. Between this side of the line and the 50C5(s), any necessary auxiliary 
resistance and the heater of the 35W4 are connected in series. 

As a power amplifier (class Ai), the 50C5 is recommended for use either 
singly or in push-pull combination in the power-output stage of “ac/dc” re¬ 
ceivers. The operating values shown under typical operation have been de¬ 
termined on the basis that grid-No. 1 current does not flow during any part 


of the input cycle. 

Refer to chart at end of section. 50C6G 

Refer to chart at end of section. 50DC4 

Refer to type 6EH5. 50EH5 

Refer to chart at end of section. 50FE5 

Refer to chart at end of section. 50FK5 

Refer to type 33GY7A. 50GY7A 

Refer to chart at end of section 50HC6 



Hl 


7FZ 


POWER PENTODE 50HK6 

Miniature type used in audio-frequency power-output 
stage of radio receivers. Outlines section, 5D; requires 
miniature 7-contact socket. The heater is provided with 
a tap for operation of a panel lamp. Heater: volts 
(ac/dc), 50; amperes, 0.15; tap volts (without panel 
lamp), 7; maximum heater-cathode volts, ±200 peak, 
100 average. 


Class A x Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 150 volts 

Grid-No.2 (Screen-Grid) Voltage . 130 volts 

Plate Dissipation . 5.5 watts 

Grid-No.2 Input . 1.1 watts 

RMS Heater-Tap Voltage When Panel Lamp Fails . 14 volts 
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TYPICAL OPERATION AND CHARACTERISTICS 


Plate Voltage . 110 volts 

Grid-No. 2 Voltage . 110 volts 

Grid-No. 1 (Control-Grid) Voltage ... —7.5 volts 

Peak AF Grid-No.l Voltage . 7.5 volts 

Zero-Signal Plate Current . 49 mA 

Maximum-Signal Plate Current . 50 mA 

Zero-Signal Grid-No.2 Current . 4 mA 

Maximum-Signal Grid-No.2 Current . 8.5 mA 

Plate Resistance (Approx.) . 10000 ohms 

Transconductance . 7500 fimhos 

Load Resistance . 2500 ohms 

Total Harmonic Distortion (Approx.) . 9 per cent 

Maximum-Signal Power Output .... 1.9 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 megohm 

For cathode-bias operation . 0.5 megohm 


50JY6 


Refer to chart at end of section. 


50L6GT 

25L6GT BEAM POWER TUBE 

Glass octal type used in output stage of ac/dc radio 
receivers. Outlines section, 13D; requires octal socket. 
This type may be supplied with pin No.l omitted. 
Refer to miniature type 50C5 for installation and ap¬ 
plication information. Type 25L6GT is identical with 
type 50L6GT except for heater ratings. 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Intel electrode Capacitances (Approx.) : 
Grid No.l to Plate . 



7AC 


Plate to Cathode, Heater, Grid No.2, and Grid No.3 


25L6GT 

50L6GT 


25 

50 

volts 

0.3 

0.15 

ampere 

±90 max 

±90 max 

volts 


0.6 

pF 

.3 . 

15 

pF 


9.5 

pF 


Class Aj Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage ... . 

Plate Dissipation . 

Grid-No.2 input . 

TYPICAL OPERATION 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Peak AF Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Zero-Signai Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Plate Resistance (Approx.) .. 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 



200 

volts 


125 

volts 


10 

watts 


1.25 

watts 

Fixed Bias 

Cathode Bias 


110 

200 

volts 

110 

125 

volts 

—7.5 

— 

volts 

7.5 

8.0 

volts 

— 

180 

ohms 

49 

46 

mA 

50 

47 

mA 

4 

2.2 

mA 

10 

8.5 

mA 

13000 

28000 

ohms 

30(00 

8000 

/imhos 

2000 

4000 

ohms 

10 

10 

per cent 

2.1 

3.8 

watts 


50X6 


Refer to chart at end of section. 


50Y6GT 


Refer to chart at end of section. 
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Refer to 

chart 

at 

end 

of 

section. 

50Y7GT 

Refer 

to 

chart 

at 

end 

of 

section. 

50Z7G 

Refer 

to 

chart 

at 

end 

of 

section. 

53 

Refer to type 38HK7. 

53HK7 

Refer to type 12FX5. 

60FX5 

Refer 

to 

chart 

at 

end 

of 

section. 

70L7GT 

Refer 

to 

chart 

at 

end 

of 

section. 

75 

Refer 

to 

chart 

at 

end 

of 

section. 

78 

Refer 

to 

chart 

at 

end 

of 

section. 

80 

Refer to 

chart 

at 

end 

of 

section. 

83 

Refer 

to 

chart 

at 

end of 

section. 

84/6Z4 

Refer 

to 

chart 

at 

end of section. 

117L7GT/M7GT 

Refer 

to 

chart 

at 

end 

of 

section. 

117N7GT 

Refer 

to 

chart 

at 

end 

of 

section. 

117P7GT 

Refer 

to 

chart 

at 

end of section. 

117Z3 

Refer 

to 

chart 

at 

end 

of 

section. 

117Z4GT 

Refer 

' to 

chart 

at 

end of 

section. 

117Z6GT 

Refer to 

chart at 

end 

of 

section. 

407A 

Refer to 

chart 

at 

end 

of 

section. 

408A 

Refer 

to 

chart 

at 

end 

of 

section. 

884 

Refer 

to 

chart 

at 

end 

of 

section. 

955 

Refer 

to 

chart 

at 

end 

of 

section. 

959 

Refer 

to 

chart 

at 

end 

of 

section. 

991 

Refer 

to 

chart 

at 

end 

of 

section. 

1612 

Refer 

to 

chart 

at 

end 

of 

section. 

1614 

Refer to 

chart 

at 

end 

of 

section. 

1619 

Refer 

to 

chart 

at 

end 

of 

section. 

1620 

Refer 

to 

chart at 

end 

of 

section. 

1621 

Refer 

to 

chart 

at 

end 

of 

section. 

1622 

Refer 

to 

chart 

at 

end 

of 

section. 

1629 

Refer 

to 

chart 

at 

end 

of 

section. 

1635 
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2050 


GAS THYRATRON 


INDUSTRIAL 

TYPE 

Glass octal type gas tetrode thyratron for use in relay 
and grid-controlled-rectifier service. Outlines section, 
22; requires octal socket. For maximum ratings and 
typical operating conditions refer to type 2050A. 



Heater Voltage (ac/dc) . 

Heater Current . 

Cathode: 

Heating Time, prior to tube conduction 
Direct Interelectrode Capictances (Approx.) : 

Grid No. 1 to Anode . 

Input . 

Output . 


Min. 

Av. 

Max. 


5.7 

6.3 

6.9 

volts 

0.54 

0.60 

0.66 

ampere 

10 

— 

— 

sec 



0.26 

pF 



4.2 

PF 



3.6 

pF 


2050A GAS THYRATRON 

INDUSTRIAL 

TYPE 

Glass octal type gas tetrode thyratron for use in relay 
and grid-controlled-rectifier service. Outlines section, 
13C; requires octal socket. 



Heater Voltage (ac/dc) . 6.3 ±10% volts 

Heater Current . 0.6 ampere 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode . 100 max volts 

Heater positive with respect to cathode . 25 max volts 

Cathode: 

Minimum heating time prior to tube conduction . 10 seconds 

Direct Interelectrode Capacitances (Approx.) : 

Grid No. 1 to anode . 0.15 pF 

Grid No. 1 to cathode and grid No. 2 . 2.2 pF 

Ionization Time (Approx.) : 

For dc anode volts = 100, grid-No. 1 volts (square-wave pulse) 

= 50, peak anode amperes during conduction = 1 . 0.5 /is 

Deionization Time (Approx.) : 

With dc anode volts = 125, grid-No. 1 volts = —250, grid-No. 1 

resistor (ohms) = 1000, dc anode amperes = 0.1. 50 /is 

With dc anode volts = 125. grid-No. 1 volts = —10, grid-No. 1 

resistor (ohms) = 1000, dc anode amperes = 0.1 . 100 /is 

Maximum Critical Grid-No. 1 Current for dc anode supply volts 

(rms) = 460, average anode amperes = 0.1 . 0.5 /iA 

Anode Voltage Drop (Approx.) . 8 volts 

Grid-No. 1 Control Ratio (Approx.) for grid-No. 1 resistor (ohms) 

= 0, grid No. 2 connected to cathode at socket . 250 

Grid-No. 2 Control Ratio (Approx.) for grid-No. 1 resistor (ohms) 

= 0, grid-No. 2 resistor (ohms) = 0, grid No. 1 connected to 
cathode at socket . 800 


Relay and Grid-Controlled Rectifier Service 

For anode supply frequency of 60 Hz 


MAXIMUM RATINGS (Absolute-Maximum Values) 

Peak Anode Voltage: 

Forward . 

Inverse . 

Grid-No. 2 (Shield-Grid) Voltage: 

Peak, before tube conduction . 

Average*, during tube conduction . 

Grid-No. 1 (Control-Grid) Voltage: 

Peak, before tube conduction . 

Average*, during tube conduction . 

Cathode Current: 

Peak . 

Average* . 

Fault, for duration of 0.1 second maximum . . 


180 

650 

volts 

360 

1300 

volts 

—100 

—100 

volts 

—10 

—10 

volts 

—250 

—250 

volts 

—10 

—10 

volts 

1 

1 

ampere 

0.2 

0.1 

ampere 

10 

10 

amperes 
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Grid-No. 2 Current: 

Average* . 

Grid-No. 1 Current: 

Average* . 

Ambient-Temperature Range . 

TYPICAL OPERATION FOR RELAY SERVICE 

RMS Anode Voltage . 

Grid No. 2 . 

RMS Grid-No. 1 Bias Voltage* . 

DC Grid-No. 1 Voltage . 

Peak Grid-No. 1 Signal Voltage . 

Grid-No. 1 Circuit Resistance . 

Anode-Circuit Resistance! . 


+0.01 

+0.01 

ampere 

+0.01 

+0.01 

ampere 

—75 to +90 

—75 to +90 

°C 

117 

400 

volts 

Connected to cathode at socket 

5 

.— 

volts 

— 

—6 

volts 

5 

6 

volts 

1 

1 

megohm 

1200 

2000 

ohms 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For average anode current below 0.1 ampere . 10 megohms 

For average anode current above 0.1 ampere . 2 megohms 


* Averaged over any interval of 30 seconds maximum. 

* Approximately 180° out of phase with the anode voltage. 

t Sufficient resistance, including the tube load, must be used under any conditions of opera¬ 
tion to prevent exceeding the current ratings. 


Operating Considerations 

The heater is designed to operate on either ac or dc at 6.3 volts. Regard¬ 
less of the heater-voltage supply used the heater voltage must never be al¬ 
lowed to deviate from its rated range. Heater operation outside of this volt¬ 
age range will impair tube performance and may cause tube failure. Low 
heater voltage causes low cathode temperature with resultant cathode sput¬ 
tering and consequent destruction of the cathode; high heater voltage causes 
high cathode temperature with resultant heating of the grid and consequent 
grid emission which produces unpredictable shifts in the critical grid-No. 1 
voltage for conduction. 

The cathode should be allowed to reach normal operating temperature 
before anode current is drawn. The delay period should not be less than 10 
seconds after application of heater voltage. Unless this recommendation is 
followed, the cathode will be damaged. 


OPERATING RANGE 
OF CRITICAL GRID No.l VOLTAGE 


TYPE 2050A 

GRID No.2 CONNECTED TO CATHODE AT SOCKET 
AMBIENT-TEMPERATURE RANGE (°C)=-75 TO +90 
RANGES SHOWN ARE FOR TWO VALUES OF GRID- 
No.l RESISTOR AND TAKE INTO ACCOUNT INITIAL 
DIFFERENCES BETWEEN INDIVIDUAL TUBES AND 
SUBSEQUENT DIFFERENCES DURING TUBE LIFE. 
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The shield grid (grid No. 2) is normally connected to the cathode at 
socket. It may, however, be used as a control electrode because the control 
characteristic of grid No. 1 may be shifted by varying the potential of grid 
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No. 2. As grid No. 2 is made negative, the grid-No. 1 characteristic is shifted 
in the positive direction. The use of grid No. 2 as the control electrode (with 
grid No. 1 connected to cathode at socket) has the advantage of increased 
sensitivity but consideration must be given to the higher preconduction cur¬ 
rent, higher capacitance to anode, and less stability of operation. 

A grid-No. 1 resistor having a value as high as 10 megohms to give 
circuit sensitivity can be used with the 2050-A because its control-grid cur¬ 
rent is very low. However, when a high value of grid resistor is used, care 
should be taken to keep the tube base and socket clean and dry in order to 
make the effect of leakage currents between the control-grid base pin and 
anode base pin very small. 

Sufficient anode-circuit resistance, including the tube load, must be used 
under any conditions of operation to prevent exceeding the current ratings 
of the tube. 

2076/5R4GB Refer to chart at end of section. 

2076/5R4GYB For replacement use type 2076/5R4GB. 

2081/6AW8A Refer to chart at end of section. 

2082/12AY7 Refer to chart at end of section. 

5636 Refer to chart at end of section. 

5639 Refer to chart at end of section. 

5642 Refer to chart at end of section. 


5651A 

INDUSTRIAL 

TYPE 


VOLTAGE-REFERENCE TUBE 


Miniature type cold-cathode, glow-discharge voltage- 
reference tube for use in dc power supplies. Outlines 
section, 5C; requires miniature 7-contact socket. 



5B0 


MAXIMUM RATINGS (Absolute-Maximum Values) 


DC Operating: Current (Continuous) . 3.5 mA 

DC Operating Current (Continuous) . 1.5 mA 

Ambient Temperature Range . —55 to 90 °C 


CHARACTERISTICS AND OPERATION RANGE VALUES 


DC Starting Voltage . 

DC Operating Voltage (Variation from tube to tube) : 

At 1.5 mA . 

At 2.5 mA . 

At 3.5 mA . 

Regulation (1.5 mA to 3.5 mA) . 

Temperature coefficient of Operating Voltage (over 
ambient temperature range of —55 to 90°C) .... 
Percentage Variation of Operating Voltage:* 

During first 300 hours of life* . 

During subsequent 1000 hours of life . 

Short-term (100 hours) 

Variation of Operating Voltage after first 300 

hours of life* . 

Instantaneous Voltage 

Fluctuation (Voltage jump)t. 

CIRCUIT VALUES 

Shunt Capacitor.. 

Series Resistor. 


Min. 

Av. 

Max. 


— 

107 

115* 

volts 

83 

85 

87 

volts 

83.5 

85.5 

87.5 

volts 

84.5 

86.5 

88.5 

volts 

— 

— 

3 

volts 

— 

—4 


mV/°C 

— 

— 

0.1 

per cent 



0.1 

per cent 

— 

— 

0.05 

per cent 

— 

— 

0.1 

volt 

_ 

_ 

0.02 

/tF 


t 
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* A dc supply voltage of 115 volts minimum should be provided to insure "starting” through¬ 
out tube life. 

■ DC operating current = 2.5 mA. 

• After initial 3-minute warm-up period. 

f Defined as the maximum instantaneous voltage fluctuation at any current level within the 
operating current range. 

A series resistor must always be used with the 5651 A. The resistance value must be chosen 
so that (1) the maximum current rating of 3.5 mA is not exceeded at the highest anode- 
supply voltage employed, and (2) the minimum current rating of 1.5 mA is always exceeded 
when the anode-supply voltage is at its lowest value. 


Installation and Application 

Make no connection to pins 3 and 6. Any potentials applied to these pins 
may cause erratic tube performance. The three pin terminals for the cathode 
(pins 2, 4, and 7) and the two for the anode (pins 1 and 5) offer the equip¬ 
ment designer several different possibilities for connection of the 5651A. 
Any pair of interconnected pins can be used as a jumper connection to a 
circuit common to either the cathode or to the anode. The use of such a 
jumper connection provides a means for opening the circuit to protect cir¬ 
cuit components when the 5651A is removed from its socket. Under no cir¬ 
cumstances should the current through any pair of interconnected pins exceed 
one ampere. 

If the load for the regulated power supply is disconnected either directly 
or by removing the 5651A from its socket, the rectifier capacitors will charge 
to the rectifier peak voltage. It is important, therefore, that these capacitors 
be rated to withstand such voltage. 

A warm-up period of 3 minutes should be allowed each time the equip¬ 
ment is turned on to insure minimum voltage drift of the 5651A. 

When a shunt capacitor is used with the 5651A, its value should be 
limited to 0.02 ^F. A large value of capacitance may cause the tube to oscil¬ 
late and thus give unstable performance. 

Shielding should be utilized for the 5651A to insure maximum stability 
when the tube is operated in the presence of strong rf or magnetic fields. 


Refer to chart at end of section. 


5651WA 



SHARP-CUTOFF PENTODE 


5654 

INDUSTRIAL 

TYPE 


Miniature type sharp-cutoff pentode used in RF and 
IF broad-band applications at frequencies up to 400 
mHz. Outlines section, 5B; requires miniature 7-contact 
socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Direct Interelectrode Capacitances 

Grid No.l to Plate . 

Input . 

Output . 

A. With external shield. 


Class Ai Amplifier 

MAXIMUM RATINGS (Absolute-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen) Voltage . 


6.3 ±10% 

volts 

0.175 

ampere 

±100 

volts 

0.020 max. 

pF 

4.0 

pF 

2.85 

pF 


200 volts 

155 volts 
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Plate Dissipation . 

Grid-No.2 Input . 

Cathode Current . 

TYPICAL OPERATION AND CHARACTERISTICS 


Plate Voltage . 120 

Grid-No.2 Voltage . 120 

Cathode-Bias Resistor . 180 

Plate Resistance (Approx.) . 0.30 

Transconductance . 5000 

Plate Current . 7.5 

Grid-No.2 Current . 2.5 

Grid-No.l Voltage (Approx.) for plate current of 10 fiA . . —8.5 


MAXIMUM CIRCUIT VALUE 

Grid-No.1-Circuit Resistance . 

Special Ratings & Performance Data 


SHOCK RATING 

Impact Acceleration . 

FATIGUE RATING 

Vibrational Acceleration . 

HEATER CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation . 


1.85 

watts 

0.55 

watt 

20 

mA 


180 

volts 

120 

volts 

180 

ohms 

0.50 

megohm 

5100 

//mhos 

7.7 

mA 

2.4 

mA 

—8.5 

volts 

0.5 

megohm 


500 max. g 

2.5 max. g 

2000 min. cycles 


5654W 

Refer 

to 

chart at 

end 

of 

section. 

5654/6AK5W/ 

6096 

Refer 

to 

chart at 

end 

of 

section. 

5663 

Refer 

to 

chart at 

end 

of 

section. 

5670 

Refer 

to 

chart at 

end 

of section. 

5670WA 

Refer 

to 

chart at 

end 

of 

section. 

5672 

Refer 

to 

chart at 

end 

of 

section. 

5678 

Refer 

to 

chart at 

end 

of section. 

5686 

Refer 

to 

chart at 

end 

of section. 

5687 

Refer 

to 

chart at 

end 

of section. 

5691 

Refer 

to 

chart at 

end 

of 

section. 

5692 

Refer 

to 

chart at 

end 

of 

section. 

5693 

Refer 

to 

chart at 

end 

of 

section. 


5696 

INDUSTRIAL 

TYPE 


THYRATRON 


Miniature type gas-tetrode thyratron for use in counter¬ 
circuit relay applications. Outlines section, 5B; requires 
miniature 7-contact socket. 


Heater Voltage (ac/dc) 

Heater Current . 

Heater-Cathode Voltage: 
Peak . 



0.150 ampere 


+25, —100 


volts 
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Cathode: 

Minimum Heating Time, prior to tube conduction . 10 seconds 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Anode . 0.03 pF 

Input . 1.8 pF 

Output . 0.54 pF 

Ionization Time (Approx.) : 

For conditions: dc anode volts = 100; grid-No.l square-pulse 
volts — +50; peak cathode amperes during conduction 

= 0.150 . 0.5 /is 

Deionization Time (Approx.) : 

For conditions: dc anode volts = 500 ; grid-No.l volts =: —100, 
grid-No.l resistor (ohms) = 1000 ; dc cathode amperes 

= 0.025 25 /is 

For conditions: dc anode volts = 500; grid-No.l volts = —13; 
grid-No.l resistor (ohms) = 1000; dc cathode amperes 

= 0.025 40 /is 

Maximum Critical Grid-No.l Current, with ac anode-supply volts 

(rms) = 350, and average cathode amperes = 0.025 . 0.5 /iA 

Anode Voltage Drop (Approx.) . 10 volts 

Grid-No.l Control Ratio (Approx.) with grid-No.l resistor (meg¬ 
ohms) = 0; grid-No.2 volts — 0 . 250 

Grid-No.2 Control Ratio (Approx.) with grid-No.l volts = 0, grid- 

No.2 resistor (ohms) =0 . 15 


Relay and Grid-Controlled Rectifier Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 


Peak Anode Voltage: 

Forward . 500 volts 

Inverse . 500 volts 

Grid-No.2 (Shield-Grid) Voltage: 

Peak, before anode conduction . —50 volts 

Average, during anode conduction" . —10 volts 

Grid-No.l (Control-Grid) Voltage: 

Peak, before anode conduction .. —100 volts 

Average, during anode conduction" . —10 volts 

Cathode Current: 

Peak . 100 mA 

Average" . 25 mA 

Surge, for duration of 0.1 sec. max. . 2 amperes 

Grid-No.2 Current: 

Average" . 5 mA 

Grid-No.l Current: 

Average" . 5 mA 

Ambient Temperature Range . —55 to +90 °C 


TYPE 5696 

GRID-No. 2 (SHIELD) VOLTS =0 

RANGES SHOWN ARE FOR TWO VALUES OF 
GRID RESISTOR-0.1 MEG.AND 10 MEG-AND 
TAKE INTO ACCOUNT INITIAL DIFFERENCES 
BETWEEN INDIVIDUAL TUBES ft SUB¬ 
SEQUENT DIFFERENCES DURING TUBE 

LIFE, FOR A HEATER-VOLTAGE RANGE OF 
5.7 TO 6.9 VOLTS AND FOR AN AMBIENT 
TEMPERATURE RANGE OF -55 TO +90°C 

RANGE FOR 
10 MEGOHMS 

— 

RANGE FOR 

0.1 MEGOHM 


1 

X 

s 

i 

i 

\ 

k 


i 

_\ 

i 

1 

\ 
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> 

\\ 




\ 








\ 





-6 -5 -4 -3 -2 -I 0 


DC GRID-No. I SUPPLY VOLTS 

92CM-7045T 




























468 


RCA Receiving Tube Manual 


TYPICAL OPERATING CONDITIONS FOR RELAY SERVICE 


RMS Anode Voltage . 117 volts 

Grid No. 2 . Connected to cathode at socket 

RMS Grid-No. 1 Bias Voltage^ . 5 volts 

Peak Grid-No. 1 Signal Voltage . 5 volts 

Grid-No. 1-Circuit Resistance . 0.1 megohm 

Anode-Circuit Resistance# . 5000 ohms 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 10 megohms 


■ Averaged over any interval of 30 sec. max. 

D Approximately 180° out of phase with the anode voltage. 

# Sufficient resistance, including the tube load, must be used under any conditions of opera¬ 
tion to prevent exceeding the current ratings. 


5696A 

5718 

5719 

5725 

5725/6AS6W 

5726 

5726/6AL5W 

5726/6AL5W/ 
6097 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


5727 


GAS THYRATRON 


INDUSTRIAL 

TYPE 

Miniature type “Premium” gas-tetrode thyratron for 
use in relay, grid-controlled rectifier and pulse-modu¬ 
lator applications. Outlines section, 5C; requires minia¬ 
ture 7-contact socket. 



7BN 


Heater Voltage (ac/dc) . 

Heater Current ... 

Cathode: 

Minimum heating time prior to tube conduction . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to anode . 

Grid No.l to cathode, grid No.2, and heater . 

Anode to cathode, grid No.2, and heater . 

Ionization Time (Approx.) : 

For dc anode volts = 100, grid-No.l volts (square-wave pulse) 

= 50, peak anode amperes during conduction = 0.5 . 

Deionization Time (Approx.) : 

For dc anode volts = 125, dc anode amperes = 0.1, grid-No.l 

resistor (ohms) = 1000, and grid-No.l volts = —100 . 

For dc anode volts = 125, dc anode amperes = 0.1, grid-No.l 

resistor (ohms) = 1000, and grid-No.1 volts = —100 . 

Maximum Critical Grid-No.l Current: 

For anode-supply volts (rms) = 460, and average anode amperes 

= 0.1 . 

Anode Voltage Drop (Approx.) . 

Grid-No.l Control Ratio (Approx.) with grid-No.l resistor (meg¬ 
ohms) = 0, grid-No.2 volts = 0 . 

Grid-No.2 Control Ratio (Approx.) with grid-No.l resistor (meg¬ 
ohms) == 0, grid-No.2 resistor (megohms) == 0, grid-No.l volts 
= 0 . 


6.3 ±10% 

volts 

0.6 

ampere 

20 

seconds 

0.026 

pF 

2.4 

pF 

1.6 

pF 

0.5 

flS 

35 

li s 

75 

JUS 

0.5 

fiA 

8 

volts 

250 


1000 
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Relay and Grid-Controlled Rectifier Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 

For anode-supply frequency of 60 Hz 


Peak Anode Voltage: 

Forward . 650 

Inverse . 1300 

Grid-No.2 (Shield-Grid) Voltage: 

Peak, before tube conduction . —100 

Average", during tube conduction . —10 

Grid-No.1 (Control-Grid) Voltage: 

Peak, before tube conduction . —100 

Average", during tube conduction . —10 

Cathode Current: 

Peak . 0.5 

Average" . 0.1 

Fault, for duration of 0.1 second max. 10 

Grid-No.2 Current: 

Average" . 10 

Grid-No. 1 Current: 

Average" . 10 

Heater-Cathode Voltage: 

Peak .+25,-100 

Bulb Temperature (At hottest point on bulb surface) . 150 

Ambient Temperature . —75 


volts 

volts 

volts 

volts 

volts 

volts 

ampere 

ampere 

amperes 

mA 

mA 

volts 

°C 

°C 


TYPICAL OPERATION FOR RELAY SERVICE 

RMS Anode Voltage . 

Grid-No.2 Voltage . 

RMS Grid-No. 1 Bias Voltage^ . 

DC Grid-No. 1 Bias Voltage 

Peak Grid-No. 1 Signal Voltage . 

Grid-No. 1-Circuit Resistance . 

Anode-Circuit Resistance# . 


117 

400 

volts 

0 

0 

volts 

5 

— 

volts 

— 

—6 

volts 

5 

6 

volts 

1 

1 

megohm 

1200 

2000 

ohms 


MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 10 megohms 


Pulse-Modulated Service 

For rectangular-wave shapes, duty cycle of 0.001 max., pulse duration of 5 /ls max., 
and pulse-repetition rate of 500 pps max. 

MAXIMUM RATINGS (Absolute-Maximum Values) 


Peak Anode Voltage: 

Forward . 500 volts 

Inverse . 100 volts 

Grid-No.2 (Shield-Grid) Voltage: 

Peak, before tube conduction . —50 volts 

Average, during tube conduction . —10 volts 

Grid-No.1 (Control-Grid) Voltage: 

Peak, before tube conduction . —100 volts 

Average, during tube conduction . —10 volts 

Cathode Current: 

Peak . 10 amperes 

Average . 10 mA 

Rate of change . 100 A/jus 

Peak Grid-No.2 Current . 20 mA 

Peak Grid-No. 1 Current . 20 mA 

Heater-Cathode Voltage: 

Peak . ±0 volt 

Bulb Temperature (At hottest point on bulb surface) . 150 °C 

Ambient Temperature . —75 °C 


MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance 
Grid-No.2-Circuit Resistance 


0.5 megohm 

f25000 max. ohms 

l 2000 min. ohms 


* For pulse-modulator service, tolerance is +10%, —5%. 

■ Averaged over any interval of 30 seconds maximum. 

□ Approximately 180° out of phase with the anode voltage. 

# Sufficient resistance, including the tube load, must be used under any conditions of opera¬ 
tion to prevent exceeding the current ratings. 
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Special Ratings and Performance Data 


SHOCK RATING 

Impact Acceleration . 750 max. g 

FATIGUE RATING 

Vibrational Acceleration . 2.5 max. g 

HEATER-CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation . 2000 min. cycles 


Operating Considerations 

Sufficient anode-circuit resistance, including the tube load, must be used 
under any conditions of operation to prevent exceeding the current ratings 
of the tube. 

Curve shown under type 2D21 also applies to type 5727 


5734 Refer to chart at end of section. 

5749 Refer to chart at end of section. 

5749/6BA6W Refer to chart at end of section. 

5750 Refer to chart at end of section. 


5751 

INDUSTRIAL 

TYPE 


HIGH-MU TWIN TRI0DE 


Miniature type “Premium” high-mu twin triode used 
as a phase inverter and as a high gain amplifier in 
industrial control devices. Outlines section, 6B; requires 


miniature 9-contact socket. 


Heater Arrangement: Series 

Heater Voltage (ac/dc) . 12.6 ±10% 

Heater Current . 0.175 

Heater-Cathode Voltage: 

Peak . 


Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage: 

Negative-bias value .. 

Positive-bias value . 

Plate Dissipation . 

Bulb Temperature (At hottest point on bulb surface) . 

CHARACTERISTICS 


Plate Voltage . 100 

Grid Voltage . —1 

Amplification Factor . 70 

Plate Resistance . 58000 

Transconductance . 1200 

Plate Current . 0.9 


Special Ratings & Performance Data 

SHOCK RATING 

Impact Acceleration . 



9A 


Parallel 

6.3 ±10% volts 

0.350 ampere 

±100 max. volts 


330 

volts 

55 

volts 

0 

volt 

0.8 

watt 

165 

•c 


250 

volts 

—3 

volts 

70 


58000 

ohms 

1200 

/im hos 

1.0 

mA 

600 max. 

g 
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FATIGUE RATING 

Vibrational Acceleration . 2.5 max. g 

LOW-FREQUENCY VIBRATION PERFORMANCE 

RMS Output Voltage . 100 max. mV 

HEATER-CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation . 2000 min. cycles 



Refer to chart at end of section. 


5751WA 



9K 


VHF BEAM POWER TUBE 


5763 


INDUSTRIAL 

TYPE 

Miniature type VHF beam power amplifier for use in 
low-power mobile transmitters and the low-power stages 
of larger fixed station transmitters. Outlines section, 
6E; requires miniature 9-contact socket. 


Heater Voltage (ac/dc) . 6.0 ±10% volts 

Heater Current . 0.75 ampere 

Heater-Cathode Voltage: 

Peak . ±100 max. volts 

Transconductance for plate current of 45 mA . 7000 ju mhos 

Mu-Factor, Grid No.2 to Grid No.l . 16 

Direct Interelectrode Capacitances : 

Grid No.l to Plate . 0.3 max pF 

Input . 9.5 pF 

Output . 4.5 pF 


Plate-Modulated RF Power Amplifier—Class C Telephony 

Carrier conditions per tube for use with a max. modulation factor of 1.0 


MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage . 

DC Grid-No.3 (Suppressor) Voltage . 

DC Grid-No.2 (Screen) Voltage . 

DC Grid-No. 1 (Control-Grid) Voltage . 

DC Plate Current . 

DC Grid-No.2 Current .. 

DC Grid-No. 1 Current . 

Plate Input . 

Grid-No.2 Input . . 

Plate Dissipaton . 

Bulb Temperature (At hottest point on bulb surface) 


CCS* 

ICAS** 


250 

300 

volts 

0 

0 

volts 

250 

250 

volts 

-125 

—125 

volts 

40 

50 

mA 

15 

15 

mA 

5 

5 

mA 

10 

15 

watts 

1.5 

1.5 

watts 

8 

12 

watts 

250 

250 

°C 
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TYPICAL OPERATION UP TO 30 MHz 

DC Plate Voltage . 

Grid No. 3 . 

DC Grid-No.2 VoltageJ . 

DC Grid-No. 1 Voltage* . 

From a grid resistor of . 

Peak RF Grid-No. 1 Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No. 1 Current (Approx.) . 

Driving Power (Approx.) . 

Useful Power Output (Approx.) . 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 


250 300 

Connected to cathode at socket 


250 

250 

volts 

—39 

—42.5 

volts 

39000 

18000 

ohms 

46.5 

53.5 

volts 

40 

50 

mA 

5.6 

6 

mA 

1 

2.4 

mA 

0.05 

0.15 

watt 

6.4* 

10* 

watts 

0.1 

0.1 

megohm 


RF Power Amplifier & Oscillator—Class C Telegraphy 0 
and 

RF Power Amplifier—Class C FM Telephony 


MAXIMUM RATINGS (Absolute-Maximum Values) 


DC Plate Voltage . 

DC Grid-No.3 (Suppressor) Voltage . 

DC Grid-No.2 (Screen) Voltage . 

DC Grid-No. 1 (Control-Grid) Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No. 1 Current . 

Plate Input . 

Grid-No.2 Input . 

Plate Dissipation .. 

Bulb Temperature (At hottest point on bulb surface) 

TYPICAL OPERATION UP TO 30 MHz 

DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Voltage . 

DC Grid-No. 1 Voltage© . 

From a grid resistor of . 

Peak RF Grid-No. 1 Voltage .. 

DC Plate Current .. 

DC Grid-No.2 Current . 

DC Grid-No.l Current (Approx.) . 

Driving Power (Approx.) . 

Useful Power Output (Approx.) . 

TYPICAL OPERATION AT 50 MHz 

DC Plate Voltage .. 

Grid No.3 . 

DC Grid-No.2 Voltage . 

DC Grid-No.l Voltage©' . 

From a grid resistor of . 

Peak RF Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current (Approx.) . 

Driving Power (Approx.) . 

Useful Power Output (Approx.) . 

MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 


CCS* ICAS** 

300 350 volts 

0 0 volts 

250 250 volts 

—125 —125 volts 

50 50 mA 

15 15 mA 

5 5 mA 

15 17 watts 

2 2 watts 

12 13.5 watts 

250 250 °C 


300 350 volts 

Connected to cathode at socket 
250 250 volts 

—28.5 —28.5 volts 

18000 18000 ohms 

37.5 37 volts 

50 48.5 mA 

6.6 6.2 mA 

1.6 1.6 mA 

0.1 0.1 watts 

10.3" 12" watts 


300 — volts 

Connected to cathode at socket 
250 — volts 

—60 — volts 

22000 — ohms 

80 — volts 

50 — mA 

5 — mA 

3 — mA 

0.35 — watt 

7* — watts 


0.1 0.1 megohm 


Frequency Multiplier 

MAXIMUM CCS* RATINGS (Absolute-Maximum Values) 


DC Plate Voltage . 300 volts 

DC Grid-No.3 (Suppressor) Voltage . 0 volts 

DC Grid-No.2 (Screen) Voltage . 250 volts 

DC Grid-No.l (Control-Grid) Voltage . —125 volts 

DC Plate Current . 50 mA 

DC Grid-No.2 Current . 15 mA 

DC Grid-No.l Current . 5 mA 

Plate Input . 15 watts 

Grid-No.2 Input . 2 watts 

Plate Dissipation . 12 watts 

Bulb Temperature (At hottest point on bulb surface) . 250 °C 
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TYPICAL OPERATION 


DC Plate Voltage . 

Grid No. 3 . 

DC Grid-No.2 Voltage . 

DC Grid-No. 1 Voltage© . 

From grid resistor of . 

Peak RF Grid-No. 1 Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.1 Current (Approx.) 

Driving Power (Approx.) . 

Useful Power Output (Approx.) 


MAXIMUM CIRCUIT VALUE (For maximum rated conditions) 
Grid-No. 1-Circuit Resistance . 


Doubler 

Tripler 


► 175 MHz 

to 175 MHz 


300 

300 

volts 

Connected to cathode at socket 

* 

* 

volts 

—75 

—100 

volts 

75000 

100000 

ohms 

95 

120 

volts 

40 

35 

mA 

4 

5 

mA 

1 

1 

mA 

0.6 

0.6 

watt 

2.1* 

1.3* 

watts 

0.1 

0.1 megohm 


t Obtained preferably from a separate source modulated with the plate supply, or from the 
modulated plate supply through a series resistor. 

★ Obtained from grid-No.l resistor or from a combination of grid-No.l resistor with either 
fixed supply or cathode resistor. 

□ Key down conditions per tube without amplitude modulation. Modulation essentially nega¬ 
tive may be used if the positive peak of the audio-frequency envelope does not exceed llb ( / ( 
of the carrier conditions. 

© Obtained from a fixed supply, or by a grid-No.l resistor of value shown. 

■ This value of useful power is measured at load of output circuit. 

• Continuous Commercial Service. 

•• Intermittent Commercial and Amateur Service. 

* Obtained from plate supply of 300 volts through a series resistor of 12500 ohms. 


Refer to chart at end of section. 


5783 


h t , 



MEDIUM-MU TWIN TRIODE 


5814A 

INDUSTRIAL 

TYPE 


Miniature type “Premium” medium-mu twin triode 
used in a wide variety of applications including mixers, 
oscillators, multivibrators and synchronizing amplifiers 
in industrial control equipment. Outlines section, 6B; 
requires miniature 9-contact socket. 


Heater Arrangement 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Direct Interelectrode Capacitances (Approx.) 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


Series 

Parallel 


12.6 ±10% 

6.3 ±10% 

volts 

0.175 

0.350 

ampere 

±100 max 

±100 max 

volts 

Unit No. 

1 Unit No. 2 


. 1.5 

1.5 

pF 

. 1.6 

1.6 

PF 

. 0.5 

0.4 

pF 
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Class Ai Amplifier (Each Unit Unless Otherwise Specified) 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 

Cathode Current . 22 

Plate Dissipation: 

Each Plate . 3.0 

Both Plates (Both units operating) . 6.0 

Bulb Temperature (At hottest point on bulb surface) . 165 

CHARACTERISTICS 

Plate Voltage . 100 250 

Grid Voltage . 0 —8.5 

Amplification Factor . 19.5 17 

Plate Resistance (Approx.) . 6250 7700 

Transconductance . 3100 2200 

Plate Current . 11.8 10.5 

Grid Voltage (Approx.) for plate current of 10 /iA . — —22 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 0.25 

For cathode-bias operation . 1 


volts 

mA 

watts 

watts 

°C 


volts 

volts 

ohms 

/imhos 

mA 

volts 


megohm 

megohm 



TYPICAL OPERATION AS RESISTANCE-COUPLED AMPLIFIER 

See RESISTANCE-COUPLED AMPLIFIER CHART 
type 12AU7A conditions 

Special Ratings & Performance Data 


SHOCK RATING 

Impact Acceleration . 600 max. g 

FATIGUE RATING 

Vibrational Acceleration . 2.5 max. g 

LOW-FREQUENCY VIBRATION PERFORMANCE 

RMS Output Voltage . 100 max. mV 

HEATER-CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation . 2000 min. cycles 

AUDIO-FREQUENCY NOISE AND MICROPHONIC PERFORMANCE 

RMS Output Voltage . 100 max. mV 


5814WA 


Refer to chart at end of section. 
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4CK 


GLOW-DISCHARGE TRIODE 


5823 


INDUSTRIAL 

TYPE 

Miniature type, cold-cathode, glow discharge triode for 
use primarily as a relay control tube in “on-off” low 
current electrical circuits. Outlines section, 5C; re¬ 
quires miniature 7-contact socket. 


MAXIMUM RATINGS* (Absolute-Maximum Values) 

For First-Quadrant Operation Only 


Peak Anode and Starter-Electrode Voltage: 

Inverse . 200 volts 

Forward . 200 volts 

Cathode Current: 

Peak . 100 mA 

Average* .. . . 25 mA 

Peak Starter-Electrode Current: 

With starter-electrode voltage positive . 100 mA 

Ambient Temperature . —60 to -f75 °C 

TYPICAL OPERATING CONDITIONS 

For Relay Service with 60-Hz Supply 

AC Anode Supply Voltage (RMS) . 117 volts 

AC Starter-Electrode Voltage: 

Max. Peak Positive Pre-Firing Voltage . 70 volts 

Min. Peak Positive Triggering Voltage . 35 volts 

Min. Firing Voltage (Sum of In-Phase Instantaneous Pre-Firing 

Voltage and Instantaneous Triggering Voltage) . 105 volts 


* These ratings apply to the 5823 when it is operated from a power supply having a fre¬ 
quency of 60 Hz. 

* Averaged over any interval of 15 seconds max. 


Refer to chart at end of section. 5824 

Refer to chart at end of section. 5840 

Refer to chart at end of section. 5840W 

Refer to chart at end of section. 5842/41 7A 

Refer to chart at end of section. 5844 

Refer to chart at end of section. 5847/404A 


H 



SHARP-CUTOFF PENTODE 5879 

Miniature type used as audio amplifier in the input 
stages of medium-gain public-address systems, home 
sound recorders, and audio systems. Outlines section, 
6B; requires miniature 9-contact socket. For operation 
as resistance-coupled amplifier, refer to Resistance- 
Coupled Amplifier section. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.15 ampere 

Peak Heater-Cathode Voltage . ±100 max volts 

Direct Interelectrode Capacitances: 

Pentode Connection: 

Grid No.l to Plate . 0.11 max pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 2.7 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 2.4 pF 

Triode Connection* : 

Grid No.l to Plate . 1.4 pF 

Grid No.l to Cathode and Heater . 1.4 pF 

Plate to Cathode and Heater ... . . 0.85 pF 


* Grid No.2 and grid No.3 connected to plate. 
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MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No. 2 Supply Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts 
For grid-No.2 voltages between 165 
and 300 volts . 


Class A x Amplifier 

Triode Pentode 

num Values) Connection* Connection 

. 275 330 

. See curve page 300 

. — 330 


0.25 

See curve page 300 


CHARACTERISTICS 

Plate Voltage . 

100 

250 

250 

volts 

Grid No.3 . 

— 

— 

Connected to 

cathode at socket 

Grid-No.2 Voltage . 

— 

— 

100 

volts 

Grid-No.l Voltage . 

—3 

—8 

—3 

volts 

Amplification Factor . 

Plate Resistance (Approx.) . 

21 

0.017 

21 

0.0137 

2 

megohms 

Transconductance . 

1240 

1530 

1000 

jxm hos 

Plate Current . 

2.2 

5.5 

1.8 

mA 

Grid-No.2 Current . 

— 

— 

0.4 

mA 

Grid-No.l Voltage (Approx.) for plate 
current of 10 /iA . 

_ 

_ 

—8 

volts 


MAXIMUM CIRCUIT VALUE 

Grid-No.l-Circuit Resistance . 

* Grid No.2 and grid No.3 connected to plate. 


TYPE 5879 
TRIO DE CONNECTION 
■^/iGRIDS No.2 8 No.3 
// CONNECTED TO 
Tto7 PLATE 


200 300 

PLATE VOLTS 


400 

92CS-7446T 


TYPE 5879 GRID-No. 2 VOLTS=IOO 

PENTODE CONNECTION GRID-No. 3 V0LTS=0 

Ik^ I I I -'0.5 I I 





200 300 

PLATE VOLTS 


t=l iMd 

400 

92CS-7439T 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


5963 MEDIUM-MU TWIN TRIODE 

INDUSTRIAL 

TYPE 

Miniature type medium-mu twin triode used for “on-off” 
control applications involving long periods of operation 
under cutoff conditions. Outlines section, 6B; requires 
miniature 9-contact socket. 


HT| 

Ht 2 

PTl 


Xb) 

_ i 

-P©° TI 

J'mr 

S7® kti 
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Heater Arrangement 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Grid of Unit No.l to grid of Unit No.2 . . . 


Series Parallel 

12.6 ±10% 6.3 ±10% 

0.15 0.30 

±90 max. ±90 max. 


Unit No. 1 

Unit No. 2 

1.5 

1.5 

1.9 

1.9 

0.5 

0.35 

0.1 

max. 


volts 

ampere 

volts 



Frequency Divider in Computer Service 
and “On-Off” Control Service 

Values are for Each Unit 


MAXIMUM RATINGS (Absolute-Maximum Values) 

Plate Voltage . 

Grid Voltage: 

Negative bias value . 

Positive bias value . 

Peak negative value . 

Plate Dissipation . 

Grid Input . 

Cathode Current: 

Peak . 

DC . 

Bulb Temperature (At hottest point on bulb surface) 

TYPICAL OPERATION AS FREQUENCY HALFER 


Plate-Supply Voltage . 

Grid Voltage . 

Plate-Circuit Resistance . 

Grid-Circuit Resistance . 

Plate Current . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . . 
For cathode-bias operation 


250 

volts 

100 

volts 

0 

volt 

200 

volts 

2.5 

watts 

0.5 

watt 

100 

mA 

20 

mA 

±90 max. 

volts 


120 °C 


Cutoff 

Zero-Bias 


Condition 

Condition 


150 

150 

volts 

—15 

0 

volts 

20000 

20000 

ohms 

47000 

47000 

ohms 

0 

5.1 

mA 


0.5 megohm 

1 megohm 


Class Ai Amplier (Each Unit) 

CHARACTERISTICS 


Plate Voltage . 67.5 volts 

Grid Voltage . 0 volts 

Amplification Factor . 21 

Plate Resistance (Approx.) . 6600 ohms 

Transconductance . 3200 /imhos 

Plate Current . 8.5 mA 

Refer to chart at end of section. 5964 



MEDIUM-MU TWIN TRIODE 


5965 

INDUSTRIAL 

TYPE 


Miniature type medium-mu twin triode used for “on-off” 
control applications involving long periods of operation 
under cutoff conditions. Outlines section, 6B; requires 
miniature 9-contact socket. 


Heater Arrangement 

Heater Voltage (ac/dc) 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 


Series Parallel 

12.6 ±10% 6.3 ±10% volts 

0.225 0.45 ampere 

±200 max. ±200 max. volts 

±100 max. ±100 max. volts 
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Direct Interelectrode Capacitances (Approx.) 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Plate of Unit No.l to plate of Unit No.2 


Unit No. 1 

Unit No. 2 


3.0 

3.0 

pF 

3.8 

3.8 

PF 

0.5 

0.38 

pF 

0.5 


PF 


Frequency Divider in Computer Service 
and “On-Off” Control Service 

Values are for Each Unit 

MAXIMUM RATINGS (Absolute-Maximum Values) 

Plate Voltage . 

Grid Voltage: 

Negative bias value .. 

Plate Dissipation . 

Total for both units . 

DC Cathode Current . 

Bulb Temperature (At hottest point on bulb surface) . 


330 

150 

2.4 

4.4 
16.5 
165 


volts 

volts 

watts 

watts 

mA 

°C 


TYPICAL OPERATION IN COMPUTER SERVICE 

Cutoff 

Condition 


Plate Supply Voltage . 150 

Plate Load Resistor . 7200 

Plate Current . — 

Grid Voltage (Approx.) for grid current of 140 /iA . — 

Grid Voltage (Approx.) for plate current of 150 fiA . —5.5 

Difference in Grid Voltage Between Units (For plate current 

of 150 /iA per unit) . 1.5 


Conduction 

Condition 

150 volts 

7200 ohms 

10.5 mA 

less than 1 volt 

— volts 

— volts 


MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 


0.1 megohm 

0.5 megohm 


Class Ai Amplifier (Each Unit) 

CHARACTERISTICS 

Plate Supply Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 150 /iA . 


150 

volts 

220 

ohms 

47 


7250 

ohms 

6500 

/imhos 

8.2 

mA 

—5.5 

volts 


6005 

6005/6AQ5W 

6005/6AQ5W/ 

6095 


Refer to chart at end of section. 
Refer to chart at end of section. 


Refer to chart at end of section. 


6012 


GAS THYRATRON 


INDUSTRIAL 

TYPE 

Glass octal negative-control gas-tetrode thyratron for 
use in relay and grid-controlled rectifier applications. 
Outlines section, 36; requires octal socket. 


Min. 

Heater Voltage (ac/dc) . 5.7 

Heater Current. — 

Heater-Cathode Voltage: 

Peak . 

Cathode: 

Minimum heating time prior to tube conduction . 

Maximum outage time without reheating . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Anode . 

Grid No.l to Cathode, Grid No.2, and Heater . 

Anode to Cathode, Grid No.2, and Heater . 



6C0 

Av. Max. 

6.3 6.9 volts 

2.6 2.85 amperes 

+25, —100 max. volts 

30 seconds 

5 seconds 

0.23 pF 

5.8 pF 

3.9 pF 




































Technical Data 


479 


Ionization Time (Approx.) : 

For conditions: dc anode volts = 100, grid-No.2 volts = 0, 
grid-No.l square-pulse volts = +50, and peak anode amperes 

during conduction = 5 . 

Deionization Time (Approx.) . 

Maximum Critical Grid-No.l Current: 

For conditions: ac anode-supply volts = 460 (rms), and average 

anode amperes = 0.5 . 

Anode Voltage Drop (Approx.) . 

Grid-No.l Control Ratio (Approx.) : 

For conditions: grid-No.l resistor (megohms) = 0, grid-No.2 

resistor (megohms) = 0, and grid-No.2 volts = 0 . 

Grid-No.2 Control Ratio (Approx.) : 

For conditions: grid-No.l resistor (megohms) = 0, grid-No.2 
resistor (megohms) = 0, and grid-No. volts = 0 . 

Relay and Grid-Controlled Rectifier Service 

For Anode-Supply Frequency of 60 Hz 
MAXIMUM RATINGS (Absolute-Maximum Values) 


Peak Anode Voltage: 

Forward . 650 volts 

Inverse . 1300 volts 

Grid-No.2 (Shield-Grid) Voltage: 

Peak, before tube conduction . —100 volts 

Average#, during tube conduction . —10 volts 

Grid-No.l (Control-Grid) Voltage: 

Peak, before tube conduction . —200 volts 

Average#, during tube conduction . —10 volts 

Cathode Current; 

Peak . 5 amperes 

Average# . 0.5 ampere 

Fault, for duration of 0.1 second max. 20 amperes 

Average Grid-No.2 Current# . +0.05 ampere 

Average Grid-No.l Current# . +0.05 ampere 

Ambient-Temperature Range . —75 to+90 °C 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance . 2 megohms 


# Averaged over any interval of 30 seconds maximum. 


0.5 //.s 

See Table I 

3 fiA 

10 volts 

150 

650 
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Table 1 


DC Anode Volts 

125 

250 


Eccq 

n e2 * 

Ecc2 

DC Anode Amperes 

0.5 

1.0 

0.5 

1.0 

MJI 

volts 

ohms 

volts 


175 

225 

250 

275 

0.001 




DEIONIZATION 

350 

375 

450 

475 

0.1 

-13 

1000 

0 

TIME 

650 

700 

1100 

1200 

2 




AS 

100 

125 

100 

125 

0.001 




(Approx.) 

125 

150 

150 

175 

0.1 

-100 

1000 

0 


250 

275 

275 

300 

2 




* Series resistor between grid No.2 and cathode. 


6021 

6072 
6072A 

6073 

6073/0A2 

6074 
6074/0B2 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


6080 LOW-MU 

INDUSTRIAL TWIN POWER TRIODE 

TYPE 

Glass octal type used as a regulator tube in dc power 
supply units and in projection television booster scan¬ 
ning applications. Outlines section, 36; requires octal 
socket. 



Heater Voltage . 6.3 ±10% volts 

Heater Current . 2.5 amperes 

Heater-Cathode Voltage :# 

Peak . ±300 max. volts 

Direct Interelectrode Capacitances (Approx.) 

Grid to Plate (each unit) . 8 pF 

Input (each unit) . 6 pF 

Output (each unit) . 2.2 pF 

Heater to Cathode (each unit) . 11 pF 

Grid of Unit No.l to Grid of Unit No.2 . 0.5 pF 

Plate of Unit No.l to Plate of Unit No.2 . 2 pF 


Class Ai Amplifier (Each Unit) 


CHARACTERISTICS 

Plate-Supply Voltage 
Cathode-Bias Resistor 
Amplification Factor 
Plate Resistance . . . 
Transconductance . . . 
Plate Current . 


135 

volts 

250 

ohms 

2 


280 

ohms 

7000 

jiimhos 

125 

mA 


DC Amplifier (Each Unit) 

MAXIMUM RATINGS (Absolute-Maximum Values) 


Plate Voltage . 250 

Plate Current . 125 

Plate Dissipation . 13 

Bulb Temperature (At hottest point on bulb surface) . 200 


volts 

mA 

watts 

°C 
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MAXIMUM CIRCUIT VALUES 


Grid-Circuit Resistance: 

For cathode-bias operation . 1 megohm 

For fixed-bias operation^ . 0.1 megohm 

For combined fixed and cathode-bias operation* . 0.1 megohm 


Booster Scanning Service (Each Unit) 

MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation in a 525-line, 30-frame system 


Peak Negative-Pulse Plate Voltage* . 3000 volts 

Peak Negative-Pulse Grid Voltage . 2300 volts 

DC Plate Current . 125 mA 

Plate Dissipation . 13 watts 

MAXIMUM CIRCUIT VALUES (For maximum rated conditions) 

Grid-Circuit Resistance: 

For cathode-bias operation . 1 megohm 

For fixed-bias operation . not recommended 


□ When fixed bias is used, the plate circuit should contain a px-otective resistance to provide 
a minimum drop of 15 volts dc at the normal operating conditions. 

* When combined fixed- and cathode-bias is used, the cathode-bias portion should have a 
minimum value of 7.5 volts dc at the normal operating conditions. 

• Pulse duration must not exceed 15 per cent of one horizontal scanning cycle (10 micro¬ 
seconds). 

# Operation of this tube is not recommended with a damper pulse between heater and cathode. 


Special Ratings & Performance Data 

SHOCK RATING 

Impact Acceleration . 450 max. g 

FATIGUE RATING 

Vibrational Acceleration . 2.5 max. g 

LOW-FREQUENCY VIBRATION PERFORMANCE 

RMS Output Voltage . 200 max. mV 



PLATE VOLTS 


92CS-76 95 


Refer to chart at end of section. 6080WA 

Refer to chart at end of section. 6082 

Refer to chart at end of section. 6101 

Refer to chart at end of section. 6101/6J6WA 

Refer to chart at end of section. 


6111 
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6112 

Refer 

6136 

Refer 

6186 

Refer 

6186/6AG5WA 

Refer 

6186W 

Refer 

6189 

Refer 

6197 

Refer 


to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section, 
to chart at end of section. 


6201 

INDUSTRIAL 

TYPE 


HIGH-MU TWIN TRIODE 


Miniature type used in mixer, oscillator, and amplifier 
applications at frequencies up to 300 MHz. Outlines 
section, 6B; requires miniature 9-contact socket. For 
typical operation as a resistance-coupled amplifier, re¬ 
fer to Resistance-Coupled Amplifier section, type 12AT7 
conditions. 



9A 


Heater Arrangement: Series 

Heater Voltage (ac/dc) . 12.6 

Heater Current . 0.15 


Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) : 

Grid-Drive Operation: 

Grid to Plate (Each unit) . 

Grid to Cathode and Heater (Each unit) . 

Plate to Cathode and Heater: 

Unit No.l . 

Unit No. 2 . 

Heater to Cathode (Each unit) . 

Cathode-Drive Operation: 

Cathode to Plate (Unit No.l) . 

Cathode to Plate (Unit No.2) . 

Cathode to Grid and Heater (Each unit) . 

Plate to Grid and Heater (Unit No.l) .. 

Plate to Grid and Heater (Unit No.2) . . 

Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Absolute-Maximum Values) 

Plate Voltage . 

Grid Voltage: 

Negative bias value . 

Positive bias value . 

Plate Dissipation . 

Bulb Temperature (At hottest point on bulb surface) . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation. 

CHARACTERISTICS 


Plate Supply Voltage . 100 

Cathode-Bias Resistor . 270 

Amplification Factor . 57 

Plate Resistance (Approx.) . 14300 

Transconductance . 4000 

Grid Voltage (Approx.) for plate current of 10 /iA . . —5 

Plate Current . 3.3 


Parallel 


6.3 

volts 

0.3 

ampere 

±100 max. 

volts 

1.6 

pF 

2.5 

pF 

0.45 

pF 

0.38 

pF 

2.8 

PF 

0.2 

PF 

0.24 

pF 

5 

pF 

1.9 

pF 

1.8 

PF 


330 

volts 

55 

volts 

0 

volt 

2.75 

watte 

180 

°C 


0.25 

megohm 

1.0 

megohm 


250 

volte 

200 

ohms 

60 


10900 

ohms 

5500 

/imhos 

—12 

volte 

10 

mA 
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0 100 200 300 400 500 600 

PLATE VOLTS 92CS-7056TI 


Special Ratings & Performance Data 

SHOCK RATING 

Impact Acceleration . 

FATIGUE RATING 

Vibrational Acceleration . 

LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage 
HEATER-CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation . 

AUDIO-FREQUENCY NOISE AND MICROPHONIC PERFORMANCE 

RMS Output Voltage . 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


Refer to chart at end of section. 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


600 max. 

g 

2.5 max. 

g 

100 max. 

mV 

2000 min. 

cycles 

100 max. 

mV 


6202 

6206 

6211 

6336A 

6350 

6360 

6360A 

6386 

6417 

6485 



BEAM POWER TUBE 


6550 

INDUSTRIAL 

TYPE 


Glass octal type used in the output stages of high- 
fidelity audio amplifiers. Outlines section, 27C; requires 
octal socket. This tube should be adequately ventilated. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 1.6 amperes 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode . 300 max. volts 

Heater positive with respect to cathode . 200* max. volts 
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Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to plate . 

Grid No.l to cathode and grid No.3, grid No.2, base sleeve 

and heater . 

Plate to cathode & grid No.3, grid No.2, base sleeve, and heater 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 

Class Ai AF Power Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 (Screen-Gridl Voltage . 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 

Positive-bias value . 

Cathode Current . 

Grid-No.2 Input . 

Plate Dissipation . 

Bulb Temperature (At hottest point on bulb surface) . 

TYPICAL OPERATION AND CHARACTERISTICS 


Plate Voltage . 250 

Grid-No.2 Voltage . 250 

Grid-No.l Voltage . —14 

Peak AF Grid-No.l Voltage . 14 

Zero-Signal Plate Current . 140 

Max.-Signal Plate Current . 150 

Zero-Signal Grid-No.2 Current . 12 

Max.-Signal Grid-No.2 Current . 28 

Plate Resistance (Approx.) . 12000 

Transconductance . 11000 

Load Resistance . 1500 

Total Harmonic Distortion . 7 

Max.-Signal Power Output . 12.5 


0.85 

14.0 

12.0 


0.05 

0.25 


600 

400 

300 

0 

175 

6 

35 

250 


400 

225 

—16.5 

16.5 
87 

105 

4 

18 

27000 

9000 

3000 

13.5 
20 


pF 

PF 

pF 


megohm 

megohm 


volts 

volts 

volts 

volt 

mA 

watts 

watts 

°C 


volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 
ohms 
li mhos 
ohms 
% 
watts 


Class A x Push-Pull AF Power Amplifier 

MAXIMUM RATINGS (Design-Center Values) 

Same as for Class Ai AF POWER AMPLIFIER 

TYPICAL OPERATION AND CHARACTERISTICS 

Values are for 2 tubes 


Fixed Cathode 

Bias Bias 


Plate Supply Voltage . 


400 

600 


400 

volts 

Grid-No.2 Supply Voltage . 


275 

300 


300 

volts 

Grid-No.l Voltage . 


—23 

—31 


— 

volts 

Cathode Resistor . 


—. 

— 


140 

ohms 

Peak AF Grid-No. 1-to-Grid-No.l 

Voltage . 

46 

62 


53 

volts 

Zero-Signal Plate Current . 


180 

115 


166 

mA 

Max.-Signal Plate Current ... 


270 

273 


190 

mA 

Zero-Signal Grid-No.2 Current . 


9 

4 


7.5 

mA 

Max.-Signal Grid-No.2 Current 


44 

41 


39 

mA 

Effective Load Resistance (Plate 

to plate) . 

3500 

5000 


4500 

ohms 

Total Harmonic Distortion . . . 

3 

2.5 


4 

% 

Max.-Signal Power Output . 

* The dc component must not exceed 100 vlots. 

55 

100 


41 

watts 

6626/0A2WA 

Refer to chart at 

end 

of 

section. 


6660/6BA6 

Refer to 

chart at end 

of 

section. 



6661/6BH6 sharp-cutoff pentode 

INDUSTRIAL 

TYPE 

Miniature type used as an rf amplifier particularly in 
mobile equipment where low heater-current drain is im¬ 
portant. It is particularly useful in high-frequency, 
wide-band applications. Outlines section, 5C; requires 
miniature 7-contact socket. 










































Technical Data 485 

Heater Voltage (ac/dc) . 6.3 ±20% volts 

Heater Current . 0.15 ampere 

Peak Heater-Cathode Voltage . ±100 max. volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.0035 max. pF 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 5.4 pF 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . 4.4 pF 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.2 (Screen-Grid) Voltage . See curve page 300 

Grid-No.2 Supply Voltage . 330 volts 

Grid-No.l (Control-Grid) Voltage: 

Negative-bias value . 55 volts 

Positive-bias value . 0 volt 

Plate Dissipation . 3.3 watts 

Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts . 0.55 watt 

For Grid-No.2 voltages between 165 and 300 volts . See curve page 300 

CHARACTERISTICS 

Plate Voltage . 250 volts 

Grid No.3 . Connected to cathode at socket 

Grid-No.2 Voltage . 150 volts 

Cathode Resistor . 100 ohms 

Plate Resistance (Approx.) . 1.4 megohms 

Transconductance . 4600 /imhos 

Plate Current . 7.4 mA 

Grid-No.2 Current . 2.6 mA 

Grid-No.l Voltage (Approx.) for plate current of 10 /iA . —7.7 volts 

TRANSCONDUCTANCE AT REDUCED HEATER VOLTAGE 

Average Value . 3600 /.'mhos 

With heater volts = 5, plate supply volts = 250, grid No.3 con¬ 
nected to cathode at socket, grid-No.2 supply volts = 150, 
and cathode resistor (ohms) bypassed = 100. 

Refer to chart at end of section. 6662/6BJ6 


Refer to chart at end of section. 6663/6AL5 

Refer to chart at end of section. 6664/6AB4 



BEAM POWER TUBE 


6669/ 

6AQ5A 


INDUSTRIAL 

TYPE 

Miniature type used as output amplifier primarily in 
mobile communications equipment. Outlines section, 5D; 
requires miniature 7-contact socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Heater Warm-up Time (Average) . 

Heater-Cathode Voltage: 

Peak value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate .. 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No 3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 


6.3 ±20% 

volts 

0.45 

ampere 

11 

seconds 

±100 max. 

volts 

0.4 

PF 

8 

PF 

8.5 

pF 
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Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 250 

Grid-No.2 (Screen-Grid) Voltage . 250 

Plate Dissipation . 12 

Grid-No.2 Input . 2 

Bulb Temperature (At hottest point on bulb surface) . 225 

TYPICAL OPERATION AND CHARACTERISTICS 

Plate Voltage . 250 

Grid-No.2 Voltage . 250 

Grid-No.l (Control-Grid) Voltage . —12.5 

Peak AF Grid-No.l Voltage . 12.5 

Zero-Signal Plate Current . 45 

Max.-Signal Plate Current . 47 

Zero-Signal Grid-No.2 Current . 4.5 

Max.-Signal Grid-No.2 Current . 7 

Plate Resistance (Approx.) . 52000 

Transconductance . 4100 

Load Resistance . 5000 

Total Harmonic Distortion . 8 

Max.-Signal Power Output . 4.5 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


Class ABi Amplifier 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 

TYPICAL PUSH-PULL OPERATION 

Unless otherwise specified, values are for 2 tubes 


Plate Voltage . 250 

Grid-No.2 Voltage . 250 

Grid-No.l (Control-Grid) Voltage . —15 

Peak AF Grid-No. 1-to-Grid-No.l Voltage . 30 

Zero-Signal Plate Current . 70 

Max.-Signal Plate Current . 79 

Zero-Signal Grid-No.2 Current . 5 

Max.-Signal Grid-No.2 Current . 13 

Effective Load Resistance (Plate to plate) . 10000 

Total Harmonic Distortion . 5 

Max.-Signal Power Output . 10 


MAXIMUM CIRCUIT VALUES (Same as for Class Ai Amplifier) 

POWER OUTPUT AT REDUCED HEATER VOLTAGE 

Average Value .. 4.1 

With heater volts = 5, plate volts = 250, grid-No.2 volts = 250, 
grid-No.l volts = —12.5, rms signal volts = 8.8, and load 
resistance (ohms) = 5000. 


volts 

volts 

watts 

watts 

°C 


volts 

volts 

volts 

volts 

mA 

mA 

mA 

mA 

ohms 

/imhos 

ohms 

°/o 

watts 


megohm 

megohm 


volts 

volts 

volts 

volts 

mA 

mA 

mA 

mA 

ohms 

% 

watts 


watts 


6676/6CB6A 
6677/6CL6 
6678/6U8A 


Refer to chart at 
Refer to chart at 
Refer to chart at 


end of section, 
end of section, 
end of section. 


6679/12AT7 high-mu twin triode 

INDUSTRIAL 

TYPE 

Miniature type used as a mixer, oscillator or amplifier 
in mobile communications equipment. Outlines section, 
6B; requires miniature 9-contact socket. For typical 
operation as a resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section, type 12AT7 con¬ 
ditions. 
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Heater Arrangement: Series Parallel 

Heater Voltage (ac/dc) . 12.6 ±20% 6.3 ±20% volts 

Heater Current . 0.15 0.3 ampere 

Peak Heater-Cathode Voltage . ±100 max. volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid-Drive Operation: 

Grid to Plate (Each unit) . 1.5 pF 

Grid to Cathode and Heater (Each unit) . 2.2 pF 

Plate to Cathode and Heater: 

Unit No.l . 0.5 pF 

Unit No.2 0.4 pF 

Cathode-Drive Operation: 

Cathode to Plate (Each unit) . 0.2 pF 

Cathode to Grid and Heater (Each unit) . 4.6 pF 

Plate to Grid and Heater (Each unit) . 1.8 pF 

Heater to Cathode (Each unit) . 2.4 pF 

Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 330 volts 

Grid Voltage: 

Negative bias value . 55 volts 

Positive bias value . 0 volt 

Plate Dissipation . 2.8 watts 

CHARACTERISTICS 

Plate Supply Voltage . 250 volts 

Cathode-Bias Resistor . 200 ohms 

Amplification Factor . 60 

Plate Resistance (Approx.) . 10900 ohms 

Transconductance . 5500 /xmhos 

Grid Voltage (Approx.) for plate current of 10 fiA . —12 volts 

Plate Current . 10 mA 

TRANSCONDUCTANCE AT REDUCED HEATER VOLTAGE 

Average Value (Each unit) . 4400 //mhos 

With heater volts = 10 (Series connection), plate supply volts 
= 250, and cathode resistor (ohms) bypassed = 200. 



0 100 200 300 400 500 600 


PLATE VOLTS 92CS-7056TI 



6680/ 

MEDIUM-MU TWIN TRI0DE 12AU7A 

INDUSTRIAL 

TYPE 

Miniature type used as a phase inverter or push-pull 
amplifier in mobile communications equipment. Outlines 
section, 6B; requires miniature 9-contact socket. For 
typical operation as a resistance-coupled amplifier, refer 
to Resistance-Coupled Amplifier section, type 12AU7A 
conditions. 
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Heater Arrangement 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value ... 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


Series 

Parallel 


12.6 ±20% 

6.3 ±20% 

volts 

0.15 

0.3 

ampere 


±200 max. 

volts 

Unit No. 1 

100 max. 
Unit No. 2 

volts 

1.5 

1.5 

PF 

1.6 

1.6 

pF 

0.4 

0.32 

pF 


Class At Amplifier (Each Unit Unless Otherwise Specified) 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage, positive-bias value . 

Plate Dissipation: 

Each Plate . 

Both Plates (Both units operating) . 

CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate current of 10 /jlA 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance: 

For fixed-bias operation .. 

For cathode-bias operation . 


TRANSCONDUCTANCE AT REDUCED HEATER VOLTAGE 

Average Value (Each unit) . 

With heater volts = 10 (Series connection), plate volts = 250, 
and grid volts = —8.5. 



330 

volts 


0 

volt 


3 

watts 


6 

watts 

100 

250 

volts 

0 

—8.5 

volts 

20 

17 


6500 

7700 

ohms 

3100 

2200 

/imhos 

11.8 

10.5 

mA 


—24 

volts 


0.25 

megohm 


1 

megohm 


1750 

/tmhos 


6681/ 

12AX7A high-mu twin triode 

INDUSTRIAL 

TYPE 

Miniature type used as a phase inverter or twin re¬ 
sistance-coupled amplifier in mobile communications 
equipment. Outlines section, 6B; requires miniature 9- 
contact socket. For typical operation as a resistance- 
coupled amplifier, refer to Resistance-Coupled Amplifier 
section, type 12AX7A conditions. 



Heater Arrangement: 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 


Series 

Parallel 


12.6 ±20% 

6.3 ±20% 

volts 

0.15 

0.3 

ampere 


±200 max. 

volts 

Unit No. 1 

100 max. 
Unit No. 2 

volts 

1.7 

1.7 

pF 

1.6 

1.6 

pF 

0.46 

0.34 

PF 


Class Ai Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 330 

Grid Voltage: 

Negative-bias value . 55 

Positive-bias value . 0 

Plate Dissipation . 1.1 


volts 

volts 

volt 

watts 
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CHARACTERISTICS 

Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) 

Transconductance . 

Plate Current . 


100 
—1 
100 
80000 
1250 
0.5 


250 

—2 

100 

62500 

1600 

1.2 


volts 

volts 

ohms 
/imhos 
m A 


Refer to chart at end of section. 6686 

Refer to chart at end of section. 6688A 


Refer to chart at end of section. 6887 

Refer to chart at end of section. 6922/E88CC 


HP, 



TWIN-POWER PENTODE 


6939 

INDUSTRIAL 

TYPE 


Miniature type twin power-pentode intended for use in 
communications equipment as a push-pull rf power- 
amplifier or frequency-multiplier at frequencies up to 
500 MHz. Outlines section, 6E; requires miniature 9- 
contact socket. 


Heater arrangement Series 

Heater Voltage (ac/dc) . 12.6 ±10% 

Heater Current . 0.3 


Peak Heater-Cathode Voltage . 

Bulb Temperature (At hottest point on bulb surface) . 

Direct Interelectrode Capacitances (Approx., Each Unit) : 

Grid No.l to Plate . 

Grid No.l to Cathode & Grid No.3, Grid No.2, and Heater. 

Plate to Cathode & Grid No.3, Grid No.2, and Heater . 

Transconductance (Each Unit) for dc plate volts = 150, dc grid- 

No.2 volts = 150, and dc plate mA = 25 . 

Mu-Factor, grid No.2 to grid No.l (Each Unit) for dc plate volts 
= 150, dc grid No.2 volts = 150, and dc plate mA = 25 . 


Parallel 


6.3 ±10% 

volts 

0.6 

ampere 

±100 max. 

volts 

225 max. 

°C 

0.15 

PF 

6.4 

pF 

1.6 

pF 

10500 

/tmhos 


31 


Push-Pull RF Amplifier & Oscillator—Class C Telegraphy* 
and 

Push-Pull RF Power Amplifier—Class C FM Telephony 

Values are on a per-tube basis unless otherwise specified 


MAXIMUM RATINGS (Absolute-Maximum Values) 



Up to 500 MHz 



CCS* 

ICAS^ 


DC Plate Voltage . 

250 

250 

volts 

DC Grid-No.2 (Screen-Grid) Voltage . 

200 

200 

volts 

DC Grid-No. 1 (Control-Grid) Voltage . 

—100 

—100 

volts 

DC Plate Current . 

90 

100 

mA 

DC Grid-No. 1 Current . 

6 

8 

mA 

DC Cathode Current . 

100 

120 

mA 

Plate Input . 

12 

14 

watts 

Grid-No.2 Input . 

3 

3.5 

watts 

Grid-No. 1 Input . 

0.2 

0.24 

watt 

Plate Dissipation . 

6 

7.5 

watts 

TYPICAL OPERATION 





At 500 

MHz 


DC Plate Voltage . 

180 

200 

volts 

DC Grid-No.2 Voltage . 

180 

200 

volts 

DC Grid-No.1 Voltage . 

—20 

—20 

volts 

From grid resistor for each grid No.l of . 

27000 

27000 

ohms 

Peak-to-Peak RF Grid-No. 1 Voltage . 

50 

50 

volts 

DC Plate Current . 

55 

60 

mA 

DC Grid-No.2 Current . 

12.5 

14 

mA 

DC Grid-No. 1 Current . 

1.5 

1.5 

mA 

Driver Power Output (Approx.) . 

1.2 

1.2 

watts 

Useful Power Output (Approx.)* . 

5 

6 

watts 
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Plate-Modulated Push-Pull RF Power Amplifier—Class C Telephony 

Carrier conditions per tube for use with a maximum modulation factor of 1 
Values are on a per-tube basis 


MAXIMUM RATINGS (Absolute-Maximum Values) 


DC Plate Voltage . 

DC Grid-No.2 (Screen-Grid) Voltage . 
DC Grid-No.l (Control-Grid) Voltage 

DC Plate Current . 

DC Grid-No.l Current . 

DC Cathode Current . 

Plate Input . 

Grid-No. 2 Input . 

Grid-No.l Input . 

Plate Dissipation . 


Up to 500 MHz 


CCS* 

ICAS^ 


200 

200 

volts 

200 

200 

volts 

—100 

—100 

volts 

64 

80 

mA 

6 

8 

mA 

80 

96 

mA 

8 

10 

watts 

2 

2.3 

watts 

0.2 

0.24 

watt 

4 

5 

watts 


TYPICAL OPERATION 


DC Plate Voltage . 

DC Grid-No.2 Voltage . 

DC Grid-No.l Voltage . 

From grid resistor for each grid No.l of 

Peak-to-Peak RF Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current . 

Driver Power Output (Approx.) . 

Useful Power Output (Approx.)* . 


At 500 MHz 


180 

180 

volts 

180 

180 

volts 

—20 

—20 

volts 

68000 

27000 

ohms 

45 

50 

volts 

40 

55 

mA 

9.5 

12.5 

mA 

0.6 

1.5 

mA 

1 

1.2 

watts 

3.5 

5 

watts 


Frequency Tripler—Class C 

Values are on a per-tube basis 


MAXIMUM RATINGS (Absolute-Maximum Values) 


DC Plate Voltage . 

DC Grid-No.2 (Screen-Grid) Voltage . 
DC Grid-No.l (Control-Grid) Voltage 

DC Plate Current . 

DC Grid-No.l Current . 

DC Cathode Current . 

Plate Input . 

Grid-No.2 Input . 

Grid-No.l Input . 

Plate Dissipation . 


Up to 500 MHz 


CCS* 

ICAS4 


250 

250 

volts 

200 

200 

volts 

—100 

—100 

volts 

60 

80 

mA 

6 

8 

mA 

70 

80 

mA 

8 

10 

watts 

3 

3.5 

watts 

0.2 

0.24 

watt 

6 

7.5 

watts 



92CS-I06I3T 
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TYPICAL OPERATION 





Up to 500 MHz 


DC Plate Voltage . 

180 

200 

volts 

DC Grid-No.2 Voltage (Approx.) . 

180 

190 

volts 

Through resistor of . 

1200 

1200 

ohms 

DC Grid-No.l Voltage . 

—74 

—74 

volts 

From grid resistor for each grid No.l of . 

82000 

82000 

ohms 

Peak-to-Peak RF Grid-No.l Voltage . 

165 

165 

volts 

DC Plate Current . 

40 

46 

mA 

DC Grid-No.2 Current . 

9.7 

11 

mA 

DC Grid-No.l Current . 

1.8 

1.8 

mA 

Driver Power Output (Approx.) . 

1.1 

1.1 

watts 

Useful Power Output (Approx.)* . 

1.8 

2.2 

watts 


• Key-down conditions per tube without amplitude modulation. Amplitude modulation essen¬ 
tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115% of the carrier conditions. 

* Continuous Commercial Service. 

♦ Intermittent Commercial and Amateur Service. 

* This value of useful power is measured at load of output cii'cuit. 


BEAM POWER TUBE 6973 


Miniature type used as power amplifier in compact 
high-fidelity audio equipment. Outlines section, 6G; re- 
9EU quires miniature 9-contact socket. 

Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Grid-No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 

Plate to Cathode. Heater, Grid No.2, and Grid No.3 . 

Class A x Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Plate Resistance (Approx.) .. 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.l Voltage (Approx.) for plate current of 100 fiA . 

Push-Pull Class AB X Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 Voltage . 

Plate Dissipation . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 

TYPICAL OPERATION (Values are for two tubes) 


Fixed Bias Cathode Bias 


Plate Supply Voltage . 

250 

350 

400 

300 

310 

volts 

Grid-No.2 Supply Voltage . 

250 

280 

290 

300 

310 

volts 

Grid-No.l Voltage . 

. —15 

—22 

—25 

— 

— 

volts 

Cathode-Bias Resistor . 

Peak AF Grid-No. 1-to- 

• 

— 

— 

230 

270 

ohms 

Grid-No.l Voltage . 

30 

44 

50 

48 

55 

volts 

Zero-Signal Plate Current . 

92 

58 

50 

80 

77 

mA 

Maximum-Signal Plate Current . 

105 

106 

107 

96 

92 

mA 

Zero-Signal Grid-No.2 Current . 

7 

3.5 

2.5 

6 

5 

mA 

Maximum-Signal Grid-No.2 Current 
Effective Load Resistance 

16 

14 

13.7 

14 

14 

mA 

(Plate-to-plate) . 

. 8000 

7500 

8000 

5500 

6000 

ohms 

Total Harmonic Distortion . 

2 

1.5 

2 

2 

4 

per cent 

Maximum-Signal Power Output . 

. 12.5 

20 

24 

15 

17 

watts 


6.3 

0.45 

±200 max 
100 max 

0.4 max 
9 
6 


volts 

ampere 


volts 

volts 


pF 

pF 

pF 


250 

250 

—15 

73000 

4800 

46 

3.5 

—40 


volts 

volts 

volts 

ohms 

/anhos 

mA 

mA 

volts 


440 

330 

12 

2 

250 


volts 

volts 

watts 

watts 

°C 
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MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.5 

For cathode-bias operation . 1 


Push-Pull Class AB t Amplifier 


megohm 

megohm 


Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer 
MAXIMUM RATINGS (Design-Maximum Values) 

Plate and Grid-No.2 Supply Voltage . 

Plate Dissipation . 

Grid-No.2 Input . 

Bulb Temperature (At hottest point) . 

TYPICAL OPERATION (Values are for two tubes) Fixed Bias Cathode Bias 


410 

12 

1.75 

250 


Plate Supply Voltage 

Grid-No.2 Supply Voltage . 

Grid-No.l Voltage* . 

Cathode-Bias Resistor . 

Peak AF Grid-No.l-to-Grid-No.l Voltage . 

Zero-Signal Cathode Current . 

Maximum-Signal Cathode Current . 

Effective Load Resistance (Plate-to-plate) 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


375 

* 

—33.5 

67 

62 

95 

12500 

1.5 

18.5 


370 

# 

355 

62 

74 

84 

13000 

1.2 

15 


0.1 

1 


volts 

watts 

watts 

°C 


volts 
volts 
volts 
ohms 
volts 
mA 
mA 
ohms 
per cent 
watts 


megohm 

megohm 




100 200 300 400 

PLATE VOLTS 92CS-9389T 


* Obtained from taps on the primary winding of the output transformer. The taps are located 
on each side of the center tap (B-}-) so as to apply 50 per cent of the plate signal voltage to 
grid No.2 of each output tube. 

# Obtained from taps on the primary winding of the output transformer. The taps are located 
on each side of the center tap (B-}-) so as to supply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 

• The type of input-coupling network used should not introduce too much resistance in the 
grid-No.l circuit. Transformer- or impedance-coupling devices are recommended. 


6977 


Refer to chart at end of section. 


7025 HIGH-MU TWIN TRI0DE 

Miniature type used as phase inverter or resistance- 
coupled amplifier in high-quality, high-fidelity audio 
amplifiers. Outlines section, 6B; requires miniature 9- 
contact socket. This type is identical with miniature 
type 12AX7A except that it has a controlled equiva¬ 
lent noise and hum characteristic. For operation as 
resistance-coupled amplifier, refer to Resistance- 
Coupled Amplifier section. 
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EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID (Each Unit) 

Average Value (rms)f . 1.8 /iV 

Maximum Value (rms)* . 7 fiV 

t Measured in “true rms” units under following conditions: heater volts (ac), 6.3 (parallel 
connection) ; center tap of heater transformer connected to ground; plate supply volts, 250; 
plate load resistor, 2700 ohms ; cathode-bypass capacitor, 100 /xF ; grid resistor, 0 ohms ; and 
amplifier covering frequency range between 25 to 10000 cycles per second. 

• Same conditions as for “Average Value” except cathode resistor is unbypassed and grid 
resistor is 0.05 megohm. 


Refer to chart at end of section. 


7027 


BEAM POWER TUBE 7027A 

Glass octal type used in push-pull power amplifier cir¬ 
cuits of high-fidelity audio equipment. Outlines section, 
9F; requires octal socket. This tube, like other power¬ 
handling tubes, should be adequately ventilated. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.9 ampere 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 1.5 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 10 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 7.5 pF 

Class A x Amplifier 

CHARACTERISTICS 

Plate Voltage . 250 volts 

Grid-No. 2 (Screen-Grid) Voltage . 250 volts 

Grid-No.1 (Control-Grid) Voltage . —14 volts 

Plate Resistance (Approx.) . 22500 ohms 

Transconductance . 6000 /imhos 

Plate Current . 72 mA 

Grid-No.2 Current .,. 5 mA 



Push-Pull Class AB, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 600 

Grid-No.2 Voltage . 500 

Plate Dissipation . 35 

Grid-No.2 Input . 5 


volts 

volts 

watts 

watts 


TYPICAL OPERATION (Values are for two tubes) 




Fixed Bias 

Cathode Bias 


Plate Supply Voltage . 

. . 400 

450 

540 

400 

380 

425 

volts 

Grid-No.2 Supply Voltage . 

. . 300 

350 

400 

300 

380 

415 

volts 

Grid-No.l Voltage . 

. .—25* 

—30* 

—38* 

— 

— 

— 

volts 

Cathode-Bias Resistor . 

— 

— 

— 

200 

180 

200 

ohms 

Peak AF Grid-No.l-to-Grid-No.l Voltage 50 

60 

76 

57 

68.5 

86 

volts 

Zero-Signal Plate Current . 

. . 102 

95 

100 

112 

138 

150 

mA 

Maximum-Signal Plate Current .... 

. . 152 

194 

220 

128 

170 

196 

mA 

Zero-Signal Grid-No.2 Current .... 

6 

3.4 

5 

7 

5.6 

8 

mA 

Maximum-Signal Grid-No.2 Current 
Effective Load Resistance 

. . 17 

19.2 

21.4 

16 

20 

20 

mA 

(Plate-to-plate) . 

. .6600 

6000 

6500 

6600 

4500 

3800 

ohms 

Total Harmonic Distortion . 

2 

1.5 

2 

2 

3.5 

4 

per cent 

Maximum-Signal Power Output . . . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

. . 34 

50 

76 

32 

36 

44 

watts 


For fixed-bias operation* 
For cathode-bias operation 


0.1 

0.5 


megohm 

megohm 


• The type of input coupling network used should not introduce too much resistance in the 
grid-No.l circuit. Transformer- or impedance-coupling devices are recommended. 
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Push-Pull Class AB, Amplifier 

Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer 


MAXIMUM RATINGS (Design-Maximum Values) 

Plate and Grid-No .2 Supply Voltage . 600 volts 

Plate Dissipation . 35 watts 

Grid-No .2 Input .” 4.5 watts 

TYPICAL OPERATION (Values are for two tubes) 

Plate Supply Voltage . 410 volts 

Grid-No .2 Supply Voltage . * volts 

Cathode-Bias Resistor . 220 ohms 

Peak AF Grid-No. 1-to-Grid-No.l Voltage . 68 volts 

Zero-Signal Cathode Current . 134 m A 

Maximum-Signal Cathode Current. 155 m A 

Effective Load Resistance (Plate to plate) . 8000 ohms 

Total Harmonic Distortion . 1.6 per cent 

Maximum-Signal Power Output. 24 watts 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance, for cathode-bias operation . 0.5 megohm 


* Obtained from taps on the primary winding of the output transformer. The taps are located 
on each side of the center tap (B-f) so as to apply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 



100 200 300 400 500 600 
PLATE VOLTS 92 cs-lOl 


0 100 200 300 400 500 600 700 

PLATE VOLTS 92CS-I0I33T 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


7059 

INDUSTRIAL 

TYPE 


MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 


Miniature type medium-mu triode sharp-cutoff pentode Gip(£A^y\"" 
for use as a combined oscillator and mixer in mobile 
communications equipment. Outlines section, 6B; re- pt 
quires miniature 9-contact socket. 9AE 


Heater Voltage Range (ac/dc) 

Heater Current (Approx.) at 13.5 Volts 
Peak Heater-Cathode Voltage . 


12 to 15 
0.195 

±120 max. 
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Unshielded 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 1.7 

Grid to Cathode, Heater . 2.7 

Plate to Cathode, Heater . 0.4 

Pentode Unit: 


Grid No.l to Plate . 0.15 max. 

Grid No.l to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield . . 5 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield . 2.5 

Heater to Cathode . 3 


o With external shield connected to cathode of unit under test except 
■ With external shield connected to ground. 


Shielded 


1.7 

2.7 
1 

0.007 max. 
5 


3.4 

3" 

as noted. 


PF 

pF 

PF 

pF 

PF 

PF 

pF 


Class Ax Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 

Plate Dissipation . 

Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts 

For grid-No.2 voltages between 150 and 300 volts 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation 

CHARACTERISTICS 

Heater Voltage . 

Plate Supply Voltage . 

Grid-No.2 Voltage . 

Cathode-Bias Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current. 

Grid-No.2 Current . 

Grid-No. 1 Voltage for plate current of 10 fiA 


Triode Unit Pentode Unit 


300 

300 

volts 


300 

See curve page 300 

volts 

0 

0 

volt 

2.5 

2.8 

watts 

— 

0.5 

See curve page 300 

watt 


0.5 

0.5 

megohm 

1 

1 

megohm 


13.5 

13.5 

volts 

150 

250 

volts 

— 

110 

volts 

50 

68 

ohms 

40 

— 


4700 

400000 

ohms 

8500 

5200 

//.mhos 

18 

10 

mA 

—. 

3.5 

mA 

—12 

— 10 

volts 


Special Ratings & Performance Data 

HEATER-CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation . 

LOW-FREQUENCY VIBRATION PERFORMANCE 

RMS Output Voltage, Triode Unit . 

KMS Output Voltage, Pentode Unit . 


2000 min. cycles 

150 max. mV 

250 max mV 
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7060 

Refer 

7061 

Refer 

7167 

Refer 


to chart at end of section, 
to chart at end of section, 
to chart at end of section. 


7] 89 POWER PENTODE 


Miniature type used as power amplifier tube in high- 
fidelity audio equipment. Outlines section, 6G; requires 
miniature 9-contact socket. 


;i 



9BL 


Heater Voltage . 6.3 volts 

Heater Current . 0.76 ampere 

Peak Heater-Cathode Voltage. ±100 max volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 0.5 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 10.8 pF 

Plate to Cathode, Heater, Grid-No.2, and Grid No.3 . 6.5 pF 

Grid No.l to Heater . 0.25 pF 

Class Ai Amplifier 

CHARACTERISTICS 

Plate Voltage. 250 volts 

Grid-No.2 (Screen-Grid) Voltage. 250 volts 

Grid-No.l (Control-Grid) Voltage . —7.3 volts 

Mu-Factor, Grid No.2 to Grid No.l . . 19.5 

Plate Resistance (Approx.) . 40000 ohms 

Transconductance . 11300 /imhos 

Plate Current . 48 mA 

Grid-No.2 Current . 5.5 mA 


Push-Pull Class AB, Amplifier 


MAXIMUM RATINGS (Design-Center Values) 

Plate Voltage . 

Grid-No.2 Voltage. 

Cathode Current . 

Plate Dissipation . 

Zero-Signal Grid-No.2 Input . 

Maximum-Signal Grid-No.2 Input .. 

TYPICAL OPERATION (Values are for two tubes) 

Plate Supply Voltage . 

Plate Voltage. 

Grid-No.2 Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load Resistance (Plate-to-plate) . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance . 


Grid-No.2 

Special 

Connection* 


400 

375 

volts 

300 

• 

volts 

65 

65 

mA 

12 

12 

watts 

2 

2 

watts 

4 

4 

watts 

_ 

375 

volts 

400 

— 

volts 


300 

—15 — 

— 220 

14.8 17.7 

15 70 

105 81 

1.6 

25 

8000 11000 

4 3 

24 16.5 

Fixed Bias Cathode Bias 

0.3 1 megohm 


volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
per cent 
watts 


• Grid No.2 of each tube connected to tap on plate winding of output transformer. 

■ Obtained from taps on primary winding of the output transformer. The taps are located on 
each side of the center tap (B+) so as to supply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 
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9JT 


MEDIUM-MU TRIODE— 

SHARP-CUTOFF PENTODE 

Miniature type used in high-quality, high-fidelity audio 
equipment, particularly in phase splitters, tone-control 
amplifiers, and high-gain voltage amplifiers. Outlines 
section, 6B; requires miniature 9-contact socket. For 
operation as resistance-coupled amplifier, refer to Re¬ 
sistance-Coupled Amplifier section. In direct-coupled 
voltage-amplifier phase-splitter circuits, the pentode 
unit should drive the triode unit. 



Heater Voltage (ac/dc) . 

Heater Current . 

Heater-Cathode Voltage: 

Peak value . 

Average value . 

Direct Interelectrode Capacitances: 

Triode Unit: 

Grid to Plate . 

Grid to Cathode and Heater . 

Plate to Cathode and Heater . 

Pentode Unit: 

Grid No.l to Plate . 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, a 

Internal Shield . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield . 


6.3 

0.45 


±200 max 
100 max 


2 

2.3 

0.3 

0.06 max 


2 


volts 

ampere 


volts 

volts 


PF 

pF 

pF 

PF 

pF 

pF 


EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID 

Triode Unit Pentode Unit 

Median Value (rms) . 10f 35* /iV 

Maximum Value (rms) . 150t 100» yuV 

t Measured in “true rms” units under the following conditions: heater volts (ac), 6.3; center 
tap of heater transformer connected to ground ; plate-supply volts, 250 ; plate load resistor, 
0.1 megohm; cathode resistor, 1500 ohms; grid resistor, 0.05 megohm; and amplifier covering 
frequency range between 25 and 10000 cycles per second. 


• Same conditions as for triode unit except: grid-No.2 supply volts, 250; grid-No.2 resistor, 
0.33 megohm; grid-No.2-bypass capacitor, 0.22 juY; cathode resistor, 1200 ohms; and grid-No.l 
resistor, 0.05 megohm. 


Class A, Amplifier 


MAXIMUM RATINGS (Design-Maximum Values) 

Triode Unit Pentode Unit 


Plate Voltage . 

330 

330 

volts 

Grid-No.2 (Screen-Grid) Voltage . 

— 

See curve page 300 


Grid-No.2 Supply Voltage . 

— 

330 

volts 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 

0 

0 

volts 

Plate Dissipation . 

2.4 

;; 

watts 

Grid-No.2 Input: 




For grid-No.2 voltages up to 165 volts . 

— 

0.6 

watt 

For grid-No.2 voltages between 165 and 330 volts 

— 

See curve page 300 




0 100 200 300 400 


PLATE VOLTS 92CS-9693T 
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CHARACTERISTICS 

Triode Unit Pentode Unit 


Plate Supply Voltage . 

215 

100 

220 

volts 

Grid-No.2 Supply Voltage. 

— 

60 

130 

volts 

Grid-No. 1 Voltage . 

—8.5 

— 

— 

volts 

Cathode-Bias Resistor . 

— 

1000 

62 

ohms 

Amplification Factor . 

17 

— 

— 


Plate Resistance (Approx.) . 

0.0081 

1 

0.4 

megohm 

Transconductance . 

2100 

1500 

7000 

//mhos 

Plate Current . 

9 

1.1 

12.6 

mA 

Grid-No.2 Current . 

— 

0.35 

3.5 

mA 

Grid-No.l Voltage (Approx.) for plate current 
of 10 //A . 

—40 

—4 

— 

volts 

MAXIMUM CIRCUIT VALUES 

Triode Unit Pentode Unit 


Grid-No.l-Circuit Resistance :* 

For fixed-bias operation . 


0.5 

0.25 

megohm 

For cathode-bias operation . 


1 

1 

megohm 


* If either unit is operated at maximum rated conditions, grid-No.l-circuit resistance for both 
units should not exceed the stated value. 


7247 dual triode 

Miniature type used for combined first- and second- 
stage audio preamplification in high-fidelity phonograph 
or tape equipment. Tube has high-mu unit and medium- 
mu unit. Outline 8B, Outlines section. Tube requires 
miniature nine-contact socket and may be operated in 
any position. Heater: volts (ac/dc), 12.6 (series), 6.3 
(parallel); amperes, 0.15 (series), 0.3 (parallel). 9A 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid Voltage: 

Negative-bias value . 

Positive-bias value . 

Cathode Current .. 

Plate Dissipation . 

Heater-Cathode-Voltage: 

Peak value . 

Average value . 

CHARACTERISTICS 


Plate Voltage . 

Grid Voltage . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate 
current of 10 jiA . 

MAXIMUM CIRCUIT VALUES 


Grid-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

HUM OUTPUT VOLTAGE 

Average Value (rms, cathode bypassed)" ... 

Maximum Value (rms, cathode unbypassed)* 

0 The dc component must not exceed 100 volts. 

■ Measured in “true rms” units under the following conditions: heater volts (ac), 6.3 
(parallel connection); center tap of heater transformer connected to ground; dc plate 
supply volts, 250; plate load resistor, 0.1 megohm ; cathode resistor, 2700 ohms; cathode- 
bypass capacitor, 100 /if; grid resistor, 0 ohms; amplifier covering frequency range of 
25 to 10000 cps. 

• Same conditions as above, except that cathode resistor is unbypassed and grid resistor 
is 0.05 megohm. 


1.8 //volts 

7 //volts 


Unit Unit 

No.l No.2 

15 max 0.5 max megohms 

— 1 max megohm 


Unit No.l Unit No.2 


100 

250 

100 

250 

volts 

—1 

—2 

0 

—8.5 

volts 

100 

100 

20 

17 


80000 

62500 

6500 

7700 

ohms 

1250 

1600 

3100 

2200 

//mhos 

0.5 

1.2 

11.8 

10.5 

mA 

— 

— 

— 

—24 

volts 


Unit 

Unit 


No.l 

No.2 


330 

330 

volts 

55 

55 

volts 

0 

0 

volts 

— 

22 

mA 

1.2 

3 

watts 


±200 max 

volts 


100 max 

volts 
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Refer to chart at end 


Refer to chart at end 


of section. 


of section. 


7258 

7308 


g 3 ,k 



POWER PENTODE 7355 

Glass octal type used in the power-output stage of 
high-fidelity audio-frequency amplifier systems. Out¬ 
lines section, 13F; requires octal socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, ±200 peak, 100 average. 


Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 500 volts 

Grid-No.2 (Screen-Grid) Voltage . 400 volt3 

Grid-No.l (Control-Grid) Voltage, Positive-bias value . 0 volts 

Average Cathode Current . 100 mA 

Plate Dissipation . 18 watts 

DC Grid-No.2 Input . 3.5* volts 

TYPICAL OPERATION AND CHARACTERISTICS 

Plate Voltage . 250 volts 

Grid-No.2 Voltage . 225 volts 

Grid-No.l Voltage . —15 volts 

Peak AF Grid-No.l Voltage . 15 volts 

Plate Resistance (Approx.) . 42000 ohms 

Transconductance . 7600 /tmhos 

Zero-Signal Plate Current. 62 mA 

Maximum Signal Plate Current . 74 mA 

Zero-Signal Grid-No.2 Current . 3.2 mA 

Maximum-Signal Grid-No.2 Current . 16.5 mA 

Load Resistance . 2500 ohms 

Total Harmonic Distortion (Approx.) . 15 percent 

Maximum-Signal Power Output . 9 watts 

Grid-No.l Voltage (Approx.) for plate current of 500 gA . —35 volts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.3 megohm 

For cathode-bias operation . 1 megohm 


• Grid-No.2 input may reach 7 watts during peak levels of speech and music signals. 


Push-Pull Class AB X A 

MAXIMUM RATINGS (Same as for class Ai amplifier) 

TYPICAL OPERATION (Values are for two tubes) 

Plate Voltage . 

Grid-No.2 Voltage. 

Grid-No.l Voltage . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load Resistance (Plate-to-plate) . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 


mplifier 


300 

400 

volts 

250 

300 

volts 

—21 

—34 

volts 

42 

60 

volts 

100 

56 

mA 

185 

175 

mA 

5.5 

3.5 

mA 

24 

24 

mA 

4000 

5000 

ohms 

2 

6 

per cent 

28.5 

40 

watts 


Refer to chart at end of section. 


7360 
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7408 beam P0WER TUBE 


Glass octal type used as output amplifier tube in high- 
quality sound systems. Outlines section, 13D; requires 
octal socket. 


Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.45 ampere 

Heater-Cathode Voltage: 

Peak value . ±200 volts 

Average value . 100 volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.7 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 9 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 7.5 pF 



Class A x Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 


Plate Voltage . 350 volts 

Grid-No.2 (Screen-Grid) Voltage. 315 volts 

Grid-No.2 Input . 2.2 watts 

Plate Dissipation . 14 watts 


TYPICAL OPERATION AND CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current. 

Maximum-Signal Plate Current . . . 

Zero-Signal Grid-No.2 Current .... 

Maximum-Signal Grid-No.2 Current 

Plate Resistance (Approx.) . 

Transconductance . 

Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . . . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.1 megohm 

For cathode-bias operation . 0.5 megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 


60 

250 

volts 

250 

250 

volts 

0 

—12.5 

volts 

— 

12.5 

volts 

100* 

45 

mA 

— 

47 

mA 

22* 

4.5 

mA 

— 

7 

mA 

— 

50000 

ohms 

— 

4100 

/imhos 

— 

5000 

ohms 

— 

7 

per cent 

— 

4.5 

watts 


7543 SHARP-CUTOFF PENTODE 

Miniature type used in compact audio equipment. Out 
lines section, 5C; requires miniature 7-contact socket 
This type is identical with miniature type 6AU6A ex 
cept that it has a controlled hum characteristic. 


HUM OUTPUT VOLTAGE 

Average Value, (rms, cathode bypassed) . 1.2f millivolts 

Average Value (rms, cathode unbypassed) . 0.9* millivolt 


t Measured in “true rms” units under the following conditions: heater volts (ac), 6.3; center 
tap of heater transformer connected to ground; plate and grid-No.2 supply volts, 250; plate 
load resistor, 0.27 megohm; grid No.3 and internal shield connected to cathode at socket; 
grid-No.2 resistor, 0.68 megohm; grid-No.l resistor, 0.1 megohm; cathode resistor, 1000 ohms ; 
grid resistor of following stage, 10 megohms; and stage gain, 340. 

• Same conditions as above except that cathode resistor is unbypassed and stage gain is 110. 
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BEAM POWER TUBE 


7551 


INDUSTRIAL 

TYPE 

Miniature type for use as a class C radio-frequency 
amplifier, oscillator, and frequency-multiplier up to 
175 MHz in mobile communications epuipment. Outlines 
section, 6E; requires miniature 9-contact socket. Curves 
shown under type 7558 also apply to the 7551. 


Heater Voltage (ac/dc) . 13.5 ±1.5 volts 

Heater Current . 0.36 ampere 

Peak Heater-Cathode Voltage . ±100 max. volts 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.15 max. pF 

Grid No.l to Cathode, Grid No.3, Grid No.2 and Heater . 10 pF 

Plate to Cathode, Grid No.3, Grid No.2 and Heater . 5.5 pF 

Bulb Temperature (At hottest point on bulb surface) . 225 max. °C 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance—CCS or ICAS operation . 0.1 megohm 


Class Ai Amplifier 

CHARACTERISTICS 

Heater Voltage . 

Plate Voltage . 

Grid No.3 . 

Grid-No. 2 Voltage . 

Grid-No. 1 Voltage . 

Mu-Factor, Grid No.2 to Grid No.l . 

.Transconductance . 

Plate Current . 

Grid-No.2 Current . 


. 13.5 volts 

. 250 volts 

Connected to cathode at socket 

. 250 volts 

. —18 volts 

. 8.7 

. 5300 /xmhos 

. 40 mA 

. 3 mA 


AF Power Amplifier & Modulator—Class AEM 

MAXIMUM CCS* RATINGS (Absolute-Maximum Values) 


DC Plate Voltage . 375 volts 

Grid No.3 (Suppressor Grid) . 0 volt 

DC Grid-No.2 (Screen-Grid) Voltage . 300 volts 

Max.-Signal DC Plate Current* . 70 mA 

Max.-Signal Plate Input* . 21 watts 

Max.-Signal Grid-No.2 Input* . 2 watts 

Plate Dissipation* . 10 watts 


TYPICAL CCS PUSH-PULL OPERATION 

Values are for 2 tubes 


Heater Voltage . 

DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Voltage§ 

DC Grid-No.l Voltage§ 

Peak AF Grid-No. 1-to-Grid-No.l Voltage 

Zero-Signal DC Plate Current . 

Max.-Signal DC Plate Current . 

Zero-Signal DC Grid-No.2 Current . 

Max.-Signal DC Grid-No.2 Current . 

Effective Load Resistance (Plate to plate) 

Max.-Signal Driving Power . 

Total Harmonic Distortion . 

Max.-Signal Power Output (Approx.) . . . 


. 13.5 volts 

. 300 volts 

Connected to cathode at socket 

. 250 volts 

. —21 volts 

. 40 volts 

. 40 mA 

. 125 mA 

. 2 mA 

. 14 mA 

. 5000 ohms 

. 0 watts 

. 5 % 

. 20.5 watts 


RF Power Amplifier & Oscillator—Class C Telegraphyf 
and 

RF Power Amplifier—Class C FM Telephony 

MAXIMUM RATINGS (Absolute-Maximum Values) 

Up to 175 MHz 
CCS* ICAS** 

DC Plate Voltage . 375 375 volts 

Grid No.3 (Suppressor Grid) . 0 0 volt 
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DC Grid-No.2 (Screen-Grid) Voltage . 

300 


300 

volts 

DC Grid-No.l (Control-Grid) Voltage . 

—125 


—125 

volts 

DC Plate Current . 

70 


80 

mA 

DC Grid-No.2 Current . 

15 


15 

mA 

DC Grid-No.l Current . 

5 


5 

mA 

Plate Input . 

21 


24 

watts 

Grid-No.2 Input. 

2 


2 

watts 

Plate Dissipation . 

10 


12 

watts 

TYPICAL OPERATION 





As amplifier at 175 MHz 






CCS® 

ICAS®® 


Heater Voltage . 

13.5 

13.5 

13.5 

volts 

DC Plate Voltage . 

250 

300 

300 

volts 

Grid No.3 . 

Connected 

to cathode 

at socket 

DC Grid-No.2 Voltage^ 0 . 

200 

200 

250 

volts 

DC Grid-No.l Voltage ©® . 

—40 

—42 

—55 

volts 

Peak RF Grid-No.l Voltage . 

47 

52 

62 

volts 

DC Plate Current . 

60 

70 

80 

mA 

DC Grid-No.2 Current . 

3.7 

3.7 

5.1 

mA 

DC Grid-No.l Current (Approx.) . 

1.5 

2.1 

1.6 

mA 

Driver Power Output (Approx.)** . 

1 

1 

1.5 

watts 

Useful Power Output (Approx.)* . 

6.5 

8.5 

10 

watts 


Plate-Modulated RF Power Amplifier—Class C Telephony 

Carrier conditions per tube for use with a maximum modulation factor of 1 


MAXIMUM RATINGS (Absolute-Maximum Values) 


DC Plate Voltage . 

Grid No.3 (Suppressor Grid) . 

DC Grid-No.2 (Screen-Grid) Voltage 
DC Grid-No. 1 (Control-Grid) oltage 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No. 1 Current . 

Plate Input . 

Grid-No.2 Input . 

Plate Dissipation . 

TYPICAL OPERATION 

Heater Voltage . 

DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Voltage* . 

DC Grid-No. 1 Voltage* . 

From a grid-No.l resistor of . . 

RF Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current (Approx.) 

Driving Power (Approx.)** . 

Useful Power Output* . 


Up to 175 MHz 


CCS® 

ICAS®® 


300 

300 

volts 

0 

0 

volt 

300 

300 

volts 

—125 

—125 

volts 

60 

70 

mA 

10 

10 

mA 

5 

5 

mA 

15 

17.5 

watts 

1.4 

1.4 

watts 

7 

8 

watts 

At 175 MHz 


13.5 

13.5 

volts 

250 

250 

volts 

Connected 

to cathode 

at socket 

250 

250 

volts 

—70 

—75 

volts 

33000 

33000 

ohms 

75 

80 

volts 

60 

70 

mA 

2.5 

3 

mA 

2.1 

2.3 

mA 

1 

1 

watt 

6.5 

7.5 

watts 


Frequency Multiplier 

MAXIMUM RATINGS (Absolute-Maximum Values) 


DC Plate Voltage . 

Grid No.3 (Suppressor Grid) . 

DC Grid-No.2 (Screen-Grid) Voltage . 
DC Grid-No.l (Control-Grid) Voltage 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current . 

Plate Input. 

Grid-No.2 Input. 

Plate Dissipation . 


TYPICAL OPERATION As doubler to 175 MHz 

Heater Voltage . 

DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Voltage . 

DC Grid-No.l Voltage©© . 

From a grid-No.l resistor of . 

Peak RF Grid-No.l Voltage . 


CCS® 

ICAS®® 


375 

375 

volts 

0 

0 

volt 

300 

300 

volts 

—125 

—125 

volts 

50 

60 

mA 

15 

15 

mA 

5 

5 

mA 

13 

15 

watts 

2 

2 

watts 

10 

12 

watts 


13.5 

13.5 

volts 

250 

250 

volts 

Connected 

to cathode 

at socket 

200 

250 

volts 

—53 

—66 

volts 

53000 

44000 

ohms 

60 

74 

volts 
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DC Plate Current . 

50 

60 


mA 

DC Grid-No.2 Current . 

2.6 

3.5 


mA 

DC Grid-No.l Current (Approx.) . 

1 

1.5 


mA 

Driving Power (Approx. )±± . 

0.4 

0.6 


watt 

Useful Power Output* . 

3 

4.5 


watts 

As tripler to 175 MHz 





Heater Voltage . 

13.5 

13.5 


volts 

DC Plate Voltage . 

200 

250 


volts 

Grid No.3 . 

Connected 

to cathode 

at 

socket 

DC Grid No.2 Voltage . 

200 

250 


volts 

DC Grid-No.l Voltage©© . 

—90 

—120 


volts 

From a grid-No.l resistor of . 

50000 

70000 


ohms 

Peak RF Grid-No.l Voltage . 

105 

130 


volts 

DC Plate Current . 

50 

60 


mA 

DC Grid-No.2 Current . 

3 

3.9 


mA 

DC Grid-No.l Current (Approx.) . 

1.85 

1.7 


mA 

Driving Power (Approx. )±A . 

0.4 

0.6 


watt 

Useful Power Output* . 

1.4 

2.3 


watts 

♦ Subscript 1 indicates that grid-No.l current does not 

flow during 

any part of 

the 

input 


cycle. 

• Continuous Commercial Service. 


•• Intermittent Commercial and Amateur Service. 

* Averaged over any audio-frequency cycle of sine-wave form. 

t Key-down conditions per tube without amplitude modulation. Amplitude modulation essen¬ 
tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115% of the carrier conditions. 

§ Obtained preferably from a fixed supply. 

□□ Obtained preferably from a separate source or from the plate-voltage supply with a volt¬ 
age divider. If a series resistor is used, it should be adjustable to obtain the desired 
operating plate current after initial tuning adjustments are completed. 

©©Obtained from a grid-No.l resistor or from a combination of grid-No.l resistor with 
either fixed supply or cathode resistor. 

A* Driver stage is required to supply tube losses and rf-circuit losses. The driver stage 
should be designed to provide an excess of power above the indicated values to take care 
of variations in line voltage, components, initial tube characteristics, and tube charac¬ 
teristics during life. 

* Measured at load. 

A Obtained preferably from a separate source modulated along with the plate supply, or 
from the modulated plate supply through a series resistor. It is recommended that this 
resistor be adjustable to obtain the desired operating plate current after initial tuning 
adjustments are made. 

* Obtained from a grid-No.l resistor or from a combination of grid-No.l resistor with 
either fixed supply or cathode resistor. The combination of grid-No.l resistor and fixed 
supply has the advantage of not only protecting the tube from damage through loss of 
excitation but also of minimizing distortion by bias-supply compensation. 

Special Ratings & Performance Data 

HEATER-CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation . 2000 min. cycles 

LOW-FREQUENCY VIBRATION PERFORMANCE 

RMS Output Voltage . 200 max. mV 


H 



9LK 


BEAM POWER TUBE 


7558 

INDUSTRIAL 

TYPE 


Miniature type for use as a class C radio-frequency 
amplifier, oscillator, and frequency-multiplier up to 
175 MHz in mobile communications equipment. Outlines 
section, 6E; requires miniature 9-contact socket. This 
type is identical with type 7551 except for heater volt¬ 
age and current. Special ratings and performance data 
for the 7551 do not apply to the 7558. 


Heater Voltage 
Heater Current 


6.3 ±5% 

0.8 


volts 

ampere 

























PLATE (lb) OR GRID-No-2 (IC2> MILLIAMPERES 
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PLATE VOLTS 

92CS-I0304T 



7581A BEAM POWER TUBE 

Glass octal type used in af power-amplifier applica¬ 
tions. Outlines section, 19D; requires octal socket. For 
typical operation as push-pull class Ai, class ABi, and 
class AB 2 amplifier, refer to type 6L6GC. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Heater: volts (ac/dc), 6.3; amperes, 0.9; 
maximum heater-cathode volts, ±200. 



7AC 


Class Ai Amplifier 


Triode 

MAXIMUM RATINGS (Design-Maximum Values) Connection* 

Plate Voltage . 450 

Grid-No.2 (Screen-Grid) Voltage . — 

Plate Dissipation . 35 

Grid-No.2 Input. — 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.1 

For cathode-bias operation . 0.5 


Class Ai Amplifier (Pentode Connection) 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 


TYPICAL OPERATION 

Plate Voltage . 70 

Grid-No.2 Voltage . 300 

Grid-No. 1 Voltage . 0* 

Plate Resistance (Approx.) . — 

Transconductance . — 

Plate Current . 210 

Grid-No.2 Current . 25 

Load Resistance . — 


Total Harmonic Distortion . — 

Maximum-Signal Power Output . — 

Class Ai Amplifier (Triode Connection) 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 

TYPICAL OPERATION 

Plate Voltage . 

Grid-No. 1 Voltage . . 

Peak AF Grid-No. 1 Voltage . 


Pentode 

Connection 

500 volts 

450# volts 

35 watts 

5 watts 


0.1 megohm 
0.5 megohm 


250 

volts 

250 

volts 

—14 

volts 

22500 

ohms 

6000 

/imhos 

72 

mA 

5 

mA 

2500 

ohms 

10 

per cent 

6.5 

watts 


250 volts 

—20 volts 

20 volts 
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Amplification Factor . 8 

Plate Resistance (Approx.) . 1700 ohms 

Transconductance . 4700 fim hos 

Zero-Signal Plate Current . 40 mA 

Maximum-Signal Plate Current . 44 mA 

Load Resistance . 5000 ohms 

Total Harmonic Distortion (Approx.) . 5 percent 

Maximum-Signal Power Output . 1.4 watts 


* Grid No.2 connected to plate. 

# In push-pull circuits where grid No.2 of each tube is connected to a tap on the plate 
winding of the output transformer, this maximum rating is 500 volts. 

A Applied for short interval (2 seconds) so as not to damage tube. 



• -SHORT PIN —1C 

12AQ 


MEDIUM-MU TRI0DE 


7586 

INDUSTRIAL 

TYPE 


Nuvistor type, medium-mu general purpose triode for 
use as an amplifier or oscillator at frequencies extend¬ 
ing into the UHF region. Outlines section, 1; requires 
nuvistor socket. 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitance (Approx.) : 

Grid to Plate . 

Grid to Cathode, Heater, and Shell . 

Plate to Cathode, Heater, and Shell . 

Plate to Cathode . 

Heater to Cathode . 


6.3 ±0.6 

volts 

0.135 

ampere 

±100 max. 

volts 

2.2 

pF 

4.2 

pF 

1.6 

pF 

0.26 

PF 

1.4 

pF 


Industrial Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 


Plate Supply Voltage . 330 

Plate Voltage . 110 

Grid Voltage: 

Negative-bias value . 55 

Peak-positive value . 4 

Grid Current . 2 

Cathode Current . 15 

Plate Dissipation . 1 


volts 

volts 

volts 

volts 

mA 

mA 

watt 


MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance:* 

For fixed-bias operation . 0.5 megohm 

For cathode-bias operation . 1 megohm 

• For operation at metal-shell temperature of 150°C. For operation at other metal-shell tem¬ 
peratures, see Grid-Circuit Resistance Rating Chart. 


CHARACTERISTICS 


Class A, Amplifier 


Plate Supply Voltage . 

Plate Voltage . 

Grid Supply Voltage . 

Cathode Resistor . 

Amplification Factor . 

Grid Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate /xA = 10 


— 

— 

75 

volts 

26.5 

40 

— 

volts 

0 

0 

0 

volt 

— 

— 

100 

ohms 

31 

35 

35 


0.5 

.5 

— 

megohm 

4400 

3000 

3000 

ohms 

7000 

11500 

11500 

/imhos 

2.8 

7.5 

10.5 

mA 

— 

— 

—7 

volts 
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Special Ratings & Performance Data 

SHOCK RATING 

Peak Impact Acceleration . . 1000 max. g 

FATIGUE RATING 

Peak Vibrational Acceleration . 2.5 max. g 


GRID-CIRCUIT-RESISTANCE RATING CHART 



92CS-II91IT 



7587 

INDUSTRIAL 

TYPE 


SHARP-CUTOFF TETRODE 


Nuvistor type sharp-cutoff general-purpose tetrode for 
use in a wide variety of industrial applications. Out¬ 
lines section, 1A1; requires nuvistor socket. 

Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Cathode, Grid No.2, Shell, and Heater . 

Plate to Cathode, Grid No.2, Shell, and Heater . 

Heater to Cathode . 

Industrial Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 


Plate Supply Voltage . 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage: 

Negative-bias value . 

Peak-positive value . 

Cathode Current . 

Grid-No. 1 Current . 

Grid-No.2 Input . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance:* 

For fixed-bias operation . 

For cathode-bias operation . 

• For operation at metal-shell temperature up to 150°C. 



INDEX* LARGE LUG 
• * SHORT PIN—1C 


12 AS 


6.3 ±0.6 

volts 

0.150 

ampere 

±100 max. 

volts 

0.015 max. 

PF 

7.0 

PF 

1.4 

PF 

1.4 

pF 


330 volts 

250 volts 

330 volts 

110 volts 


55 volts 

2 volts 

20 mA 

2 mA 

0.2 watt 

2.2 watts 


0.5 megohm 

1 megohm 
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CHARACTERISTICS 


Class At Amplifier 


Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Cathode Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current 

Grid-No. 1 Voltage (Approx.) for plate /tA = 10 


125 

volts 

50 

volts 

68 

ohms 

0.2 

megohm 

10600 

/imhos 

10 

mA 

2.7 

mA 

—4.5 

volts 



Special Ratings & Performance Data 


SHOCK RATING 

Impact Acceleration ., . . . . 1000 max. 

FATIGUE RATING 

Vibrational Acceleration . 2.5 max. 


Refer to chart at end of section. 


7591 



8KQ 


POWER PENTODE 7591A 

Glass octal type used as audio-frequency power-out¬ 
put tube in high-quality audio applications. Outlines 
section, 13D; requires octal socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, zt200 peak, 100 average. 


Class A x Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage. 

Grid-No.2 (Screen-Grid) Voltage . 

Cathode Current . 

Plate Dissipation . 

Grid-No.2 Input . 

TYPICAL OPERATION AND CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current. 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 


550 

volts 

440 

volts 

90 

mA 

19 

watts 

3.3* 

watts 


300 

volts 

300 

volts 

—10 

volts 

10 

volts 

60 

mA 

75 

mA 

8 

mA 
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Maximum-Signal Grid-No.2 Current . 15 mA 

Triode Amplification Factor* . 16.8 

Plate Resistance (Approx.) . 29000 ohms 

Transconductance .. 10200 jt mhos 

Load Resistance . 3000 ohms 

Total Harmonic Distortion . 13 per cent 

Maximum-Signal Power Output . 11 watts 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 0.3 megohm 

For cathode-bias operation . 1 megohm 


• Grid-No.2 input may reach 6 watts during peak levels of speech and music signals. 

* Triode connection, grid No.2 connected to plate. 


Push-Pull Class AB X Amplifier 


MAXIMUM RATINGS (Same as for Class Ai Amplifier) 


TYPICAL OPERATION (Values are for two tubes) 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No. 1 Supply Voltage . 

Cathode-Bias Resistor 

(Common to both cathodes) . 

Peak AF Grid-No.l-to-Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load Resistance (Plate-to-plate) . 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 


Fixed Bias 

Cathode Bias 


350 

450 

450 

volts 

350 

400 

400 

volts 

—15.5 

—21 

— 

volts 

_ 

_ 

200 

ohms 

31 

42 

28 

volts 

92 

66 

82 

mA 

130 

144 

94 

mA 

13 

9.4 

11.5 

mA 

28.6 

30 

22 

mA 

6600 

6600 

9000 

ohms 

2 

1.5 

2 

per cent 

30 

45 

28 

watts 


7695 

7717/6CY5 

7724/14GT8 

7788 


Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 


7868 POWER PENTODE 

Novar type used in output stages of high-fidelity audio 
amplifiers and radio receivers. Outlines section, 11C or 
30D; requires novar 9-contact socket. This tube, like 
other power-handling tubes, should be adequately ven¬ 
tilated. 



Heater Voltage (ac/dc) . 6.3 volts 

Heater Current . 0.8 ampere 

Heater-Cathode Voltage: 

Peak value . ±200 max volts 

Average value . 100 max volts 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . . 0.15 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 11 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 4.4 pF 

Class At Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 550* volts 

Grid-No.2 (Screen-Grid) Voltage . 440 volts 

Average Cathode Current . 90 mA 

Plate Dissipation . 19 watts 

Grid-No.2 Input . 3.3* watts 

Bulb Temperature (At hottest point) . 240 °C 
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TYPICAL OPERATION AND CHARACTERISTICS 

Plate Supply Voltage . 

Grid-No.2 Voltage . 

Grid-No.l (Control-Grid) Voltage . 

Peak AF Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Plate Resistance (Approx.) . 

Transconductance . 

Effective Load Resistance . 

Total Harmonic Distortion . 

Maximum-Signal Power Output 


300 

volts 

300 

volts 

—10 

volts 

10 

volts 

60 

m A 

75 

m A 

8 

mA 

15 

mA 

29000 

ohms 

10200 

/zmhos 

3000 

ohms 

13 

per cent 

11 

watts 



PLATE VOLTS 92CS-II075T 


MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 0.3 megohm 

For cathode-bias operation . 1 megohm 

■ In push-pull circuits where the grid No.2 of each tube is connected to a tap on the plate 
winding of the output transformer, this maximum rating is 440 volts. 

• Grid No.2 Input may reach 6 watts during peak levels of speech and music signals. 


Push-Pull Class AB : Amplifier 
MAXIMUM RATINGS (Same as for class Ai amplifier) 

TYPICAL OPERATION (Values are for two tubes) 

Fixed Bias 

Plate Supply Voltage . 300 350 400 450 

450 

Cathode 

Bias 

450 

volts 

Grid-No.2 Supply Voltage. 

300 

350 

350 

350 

400 

400 

volts 

Grid-No.l Voltage . 

—12.5 

—15.5 

—16 

—16.5 

—21 

— 

volts 

Cathode-Bias Resistor (Common 
to both cathodes) . 

_ 


_ 



170 

ohms 

Peak AF Grid-No. 1-to- 

Grid-No.l Voltage . 

25 

31 

32 

33 

42 

31 

volts 

Zero-Signal Plate Current . 

7 4 

72 

64 

60 

40 

86 

mA 

Maximum-Signal Plate Current 

116 

130 

135 

142 

145 

94 

mA 

Zero-Signal Grid-No.2 Current 

10 

9.5 

8 

7.2 

5 

10 

mA 

Maximum-Signal Grid-No.2 
Current . 

28 

32 

28 

26 

30 

20 

mA 

Effective Load Resistance 
(Plate-to-plate) . 

6600 

6600 

6600 

6600 

6600 

10000 

ohms 

Total Harmonic Distortion 

5 

2.5 

2 

2.5 

5 

2 

per cent 

Maximum-Signal Power Output 

24 

30 

34 

38 

44 

28 

watts 


Push-Pull Class AB X Amplifier 

Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer* 
MAXIMUM RATINGS (Same as for class Ai amplifier) 


TYPICAL OPERATION (Values are for two tubes) 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Voltage . 

Cathode-Bias Resistor (Common to both cathodes) 


Fixed Bias 

Cathode Bias 


400 

425 

volts 

* 

* 

volts 

-20.5 

— 

volts 

— 

185 

ohms 
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Peak AF Grid-No. 1-to-Grid-No.l Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load Resistance (Plate-to-plate) 

Total Harmonic Distortion . 

Maximum-Signal Power Output . 


41 

42 

volts 

60 

88 

mA 

115 

100 

mA 

8 

12 

mA 

18 

16 

mA 

6600 

6600 

ohms 

2.5 

3.5 

per cent 

23 

21 

watts 


* Grid No.2 supply voltage is obtained from taps on the primary winding of the output trans¬ 
former. The taps are located on each side of the center tap (B-f-) so as to apply 50 per cent 
of the plate signal voltage to the grid No.2 of each output tube. 


7895 

INDUSTRIAL 

TYPE 


HIGH-MU TRIODE 


Nuvistor type high-mu triode for use in a wide variety 
of industrial applications. Outlines section, 1; requires 
nuvistor socket. 



G 

INDEX=LARGE LUG 
• » SHORT PIN—1C 


12AQ 


Heater Voltage (ac/dc) . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode, Shell, and Heater . 

Plate to Cathode, Shell, and Heater 

Plate to Cathode . 

Heater to Cathode . 


Industrial Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 

Plate Supply Voltage . 

Plate Voltage . 

Grid Voltage: 

Negative-bias value . 

Peak-positive value .. 

Grid Current . 

Plate Current . 

Cathode Current . 

Plate Dissipation .. 

MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance:* 

For fixed-bias operation . 

For cathode-bias operation . 

* For operation at metal-shell temperature up to 150°C. 

Class Ai Amplifier 

CHARACTERISTICS 

Plate Supply Voltage . 

Grid Supply Voltage . 

Cathode Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate jiA =■ 10 . 

Special Ratings & Performance Data 

SHOCK RATING 

Impact Acceleration . 

FATIGUE RATING 

Vibrational Acceleration . 


6.3 ±10% volts 
0.135 ampere 

±100 max. volts 


0.9 

pF 

4.2 

pF 

1.7 

pF 

0.22 

PF 

1.3 

pF 


330 

volts 

110 

volts 

55 

volts 

2 

volts 

2 

mA 

20 

mA 

15 

mA 

1 

watt 


0.5 

megohm 

1 

megohm 


110 

volts 

0 

volts 

150 

ohms 

64 


6800 

ohms 

9400 

/rnihos 

7 

mA 

—4 

volts 


1000 max. 

S 

2.5 max. 

S 
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PLATE VOLTS 92CS-I0965T 


Refer to chart at end of section. 


7898 



9PB 


BEAM POWER TUBE 


7905 

INDUSTRIAL 

TYPE 


Miniature quick-heating-filament beam power tube for 
use as an RF oscillator, amplifier and frequency multi¬ 
plier in mobile communications equipment. Outlines 
section, 6E; requires miniature 9-contact socket. 


Operating Position . 

Vertical, base up or down, or Horizontal 
with pins 2 and 8 in vertical plane 

Filament Voltage . 

Filament Current . 

Heating Time . 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 

Grid No.l to Filament, Grid No.3, and Grid No.2 
Plate to Filament, Grid No.3, and Grid No.2 
Bulb Temperature (At hottest point on bulb surface) 

MAXIMUM CIRCUIT VALUES 

Grid-No. 1-Circuit Resistance . 


Class Ai Amplifier 

CHARACTERISTICS 

Plate Voltage . 

Grid No. 3 . 

Grid-No.2 Voltage . 

Grid-No. 1 Voltage . . 

Mu-Factor, Grid No.2 to Grid No.l . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 


6.3 ±10% volts 
0.65 ampere 

Less than 1 second 


0.14 max. 

pF 

8.5 

pF 

5.5 

PF 

225 max. 

°C 

0.1 

megohm 

200 

volts 

to pin 1 

at socket 

185 

volts 

—6 

volts 

11.5 


6700 

H mhos 

36 

mA 

2.5 

mA 


RF Power Amplifier & Oscillator—Class C Telegraphy* 1 
and 

RF Power Amplifier—Class C FM Telephony 


MAXIMUM ICAS b RATINGS (Absolute-Maximum Values) 

DC Plate Voltage . 

Grid No.3 (Suppressor Grid) . 

DC Grid-No.2 (Screen-Grid) Supply Voltage . 

DC Grid-No.2 Voltage . 

DC Grid-No. 1 (Control-Grid) Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 


Up to 175 MHz 

300 volts 

Connect to pin 1 at socket 

300 volts 

250 volts 

—125 volts 

60 mA 

10 mA 
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DC Grid-No. 1 Current 

Plate Input . 

Grid-No.2 Input .... 
Plate Dissipation .... 


TYPICAL ICAS b OPERATION 0 


As amplifier at 175 MHz 

DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Voltage d . 

DC Grid-No.l Voltage e from a grid-No.l resistor of 

18,000 ohms . 

Peak RF Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current (Approx.) . 

Driving Power f (Approx.) . 

Useful Power Outputs (Approx.) . 


5 

mA 

18 

watts 

1.5 

watts 

10 

watts 


300 

300 

volts 

Connected 

to pin 1 at socket 

160 

185 

volts 

—36 

—39 

volts 

41 

43 

volts 

50 

60 

mA 

2.5 

4 

mA 

2 

2.2 

mA 

1 

1 

watt 

5.5 

7 

watts 


Plate-Modulated RF Power Amplifier—Class C Telephony 

Carrier conditions per tube for use with a maximum modulation factor of 1 


MAXIMUM ICAS b RATINGS (Absolute-Maximum Values) 


DC Plate Voltage 

Grid No.3 . 

DC Grid-No.2 Voltage 
DC Grid-No.l Voltage 
DC Plate Current . . . 
DC Grid-No.2 Current 
DC Grid-No.l Current 

Plate Input . 

Grid-No.2 Input . 

Plate Dissipation .... 


Up to 175 MHz 


250 

volts 

Connected to pin 

1 at socket 

250 

volts 

—125 

volts 

60 

mA 

10 

mA 

5 

mA 

15 

watts 

1.4 

watts 

7 

watts 


TYPICAL ICAS b OPERATION 0 


At 175 MHz 

DC Plate Voltage . 250 volts 

Grid No.3 . Connected to pin 1 at socket 

DC Grid-No.2 Voltage 11 . 250 volts 

DC Grid-No.l Voltage e from a grid-No.l resistor of 33,000 ohms . . —70 volts 

Peak RF Grid-No.l Voltage . 75 volts 

DC Plate Current . 60 mA 

DC Grid-No.2 Current . 2.5 mA 

DC Grid-No.l Current (Approx.) . 2.1 mA 

Driving Power f (Approx.) . 1 watt 

Useful Power Outputs (Approx.) . 6.5 watts 


Frequency Multiplier 

MAXIMUM ICAS» RATINGS (Absolute-Maximum Values) 

DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Supply Voltage . 

DC Grid-No.2 Voltage . 

DC Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current . 

Plate Input . 

Grid-No.2 Input . 

Plate Dissipation . 


TYPICAL ICAS b OPERATION’ 

As doubler to 175 MHz 

DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Voltage* 1 .. 

DC Grid-No.l Voltage e from a grid-No.l resistor of 

53,000 ohms . 

Peak RF Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current (Approx.) . 

Driving Power 1 (Approx.) . 

Useful Power Output! (Approx.) . 


250 

300 

volts 

Connected 

to pin 

1 at socket 

200 

215 

volts 

—53 

—80 

volts 

60 

87 

volts 

45 

50 

mA 

3.4 

3.4 

mA 

1 

1.5 

mA 

0.4 

0.5 

watt 

2.5 

3.5 

watts 


. 300 volts 

Connected to pin 1 at socket 

. 300 volts 

. 250 volts 

. —125 volts 

. 50 mA 

. 10 mA 

. 5 mA 

. 15 watts 

. 1.5 watts 

. 10 watts 
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As tripler to 175 MHz 

DC Plate Voltage . 

Grid No. 3 . 

DC Grid-No. 2 Voltage* 1 . 

DC Grid-No. 1 Voltage £ from a grid-No.l resistor of: 

50,000 ohms . 

60,000 ohms . 

Peak RF Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current (Approx.) . 

Driving Power 1 (Approx.) . 

Useful Power Output*? (Approx.) . 


250 

250 

volts 

Connected 

to pin 

1 at socket 

180 

225 

volts 

—90 

_ 

volts 

— — 

-108 

volts 

105 

118 

volts 

40 

50 

mA 

2.5 

3.4 

mA 

1.8 

1.8 

mA 

0.4 

0.6 

watt 

1.4 

2 

watts 


a Key-down conditions per tube without amplitude modulation. Amplitude modulation essen¬ 
tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115 per cent of the carrier conditions. 
b Intermittent Commercial and Amateur Service. 
c Pins 4 and 5 at rf ground. 

d Obtained preferably from a separate source or from the plate-voltage supply with a volt¬ 
age divider. If a series resistor is used, it should be adjustable to permit obtaining the 
desired operating plate current after initial tuning adjustments are completed. 
e Obtained from a grid-No.l resistor, or from a combination of grid-No.l resistor and 
either fixed supply or cathode resistor. The combination of grid-No.l resistor and fixed 
supply has the advantage of not only protecting the tube from damage through loss of 
excitation but also of minimizing distortion by bias-supply compensation. 
f Driving power includes circuit losses and is the actual power measured at the input to 
the grid circuit. 

8 Measured at load. 

h Obtained preferably from a separate source modulated along with the plate supply, or 
from the modulated plate supply through a series resistor. It is recommended that this 
resistor be adjustable to permit obtaining the desired operating plate current after initial 
tuning adjustments are made. 




•-SHORT PIN —1C 

12AQ 


MEDIUM-MU TRIODE 


8056 

INDUSTRIAL 

TYPE 


Nuvistor type, medium-mu triode for use in low volt¬ 
age industrial applications. Outlines section, 1; requires 
nuvistor socket. 


Heater Voltage (ac/dc) . 6.3 ±0.6 

Heater Current . 0.135 

Peak Heater-Cathode Voltage . ±100 


volts 

ampere 

volts 
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Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate . 

Grid to Cathode, Shell, and Heater . 

Plate to Cathode, Shell, and Heater . 

Plate to Cathode . 

Heater to Cathode . 


Industrial Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 

Plate Voltage . 

Grid Voltage: 

Negative-bias value . 

Peak-positive value . 

Grid Current . 

Cathode Current . 

Plate Dissipation . 

TYPICAL OPERATION 


Plate Supply Voltage . 12 

Grid Supply Voltage . — 

Grid Resistor . 33000 

Amplification Factor . 12 

Plate Resistance (Approx.) . 1500 

Transconductance . 8000 

Plate Current . 5.5 


2.1 

4.0 

1.7 

0.34 

1.4 


50 

55 

2 

2 

15 

0.45 


24 

0.7 

12 

1500 

8000 

9.5 


pF 

PF 

pF 

pF 

pF 


volts 

volts 

volts 

mA 

mA 

watt 


volts 

volt 

ohms 

ohms 

/imhos 

mA 


MAXIMUM CIRCUIT VALUES 

Grid-Circuit Resistance:* 

For fixed-bias operation 
For cathode-bias operation 


10 megohms 

10 megohms 


* For operation at metal-shell temperatures up to 150°C. For operation at other metal-shell 
temperatures, see Grid-Circuit Resistance Rating Chart. 


CHARACTERISTICS 


Class Ai Amplifier 


Plate Supply Voltage . 

Grid . 

Cathode Resistor . 

Amplification Factor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid Voltage (Approx.) for plate fx A = 50 


. 24 volts 

Connected to negative end of cathode resistor 

. 100 ohms 

. 11.5 

. 1530 ohms 

. 7500 ^mhos 

. 8.7 mA 

. —5 volts 


Special Ratings & Performance Data 

SHOCK RATING 

Impact Acceleration . 1000 max. g 


FATIGUE RATING 

Vibrational Acceleration . 2.5 max. g 



GRID-CIRCUIT RESISTANCE RATING CHART 
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Refer to chart at end of section. 


8058 



POWER PENTODE 


8077/7054 

INDUSTRIAL 

TYPE 


Miniature type for use as a class C radio-frequency am¬ 
plifier, oscillator and frequency multiplier up to 40 MHz 
in mobile communications equipment. Outlines section, 
6B; requires miniature 9-contact socket. 


Heater Voltage . 

Heater Current . 

Peak Heater-Cathode Voltage . 

Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate . 

Grid No.l to all other Electrodes except Plate . 
Plate to all other Electrodes except Grid No.l 


13.5 ±1.5 volts 

0.275 ampere 

±120 max. volts 

0.063 pF 

10.2 pF 

3.5 pF 


Class Ai—AF Power Amplifier 

MAXIMUM RATINGS (Absolute-Maximum Values) 

Plate Voltage . 

Grid-No.3 (Suppressor Grid) .... 

Grid-No. 2 (Screen-Grid) Voltage 
Grid-No.1 (Control-Grid) Voltage 

Negative-bias value . 

Positive-bias value . 

Grid-No.2 Input . 

Plate Dissipation . 

MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation . . . 

For cathode-bias operation 


0.1 megohm 

0.25 megohm 


. 330 volts 

Connected to cathode at socket 
. 180 volts 

. 55 volts 

. 0 volt 

. 1 watt 

. 5 watts 


CHARACTERISTICS 

Heater Voltage . 

Plate Supply Voltage . 

Grid No. 3 . 

Grid No.2 Supply Voltage . 

Cathode Resistor . 

Plate Resistance (Approx.) . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Grid-No.1 Voltage (Approx.) for plate //A = 20 


. 13.5 volts 

. 250 volts 

Connected to cathode at socket 

. 150 volts 

. 120 ohms 

. 0.1 megohm 

. 11500 /imhos 

. 10 mA 

. 3.5 mA 

. - -10 volts 


RF Power Amplifier & Oscillator—Class C Telegraphy' 
and 

RF Power Amplifier—Class C FM Telephony 

MAXIMUM CCS l) RATINGS (Absolute-Maximum Values) 

DC Plate Voltage . 

DC Grid No.3 (Suppressor-Grid) . 

DC Grid-No.2 (Screen-Grid) Voltage . 

DC Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No. 1 Current . 

Grid-No.2 Input . 

Plate Dissipation . 

TYPICAL OPERATION 

At frequencies up to 40 MHz 

DC Plate Voltage . 200 250 300 volts 

Grid No.3 . Connected to cathode at socket 

DC Grid-No.2 Voltage . 115 145 175 volts 

DC Grid-No. 1 Voltage . - 7 —9 —12 volts 


. 300 volts 

Connected to cathode at socket 
. 175 volts 

. 50 volts 

. 33 mA 

. 5.5 mA 

. 3 mA 

. 1 watt 

. 5 watts 
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Peak RF Grid-No.l Voltage . . . 

DC Plate Current . 

DC Grid-No. 2 Current . 

DC Grid-No.l Current (Approx.) 

MAXIMUM CIRCUIT VALUE 

Grid-No. 1-Circuit Resistance 


9 

11 

16 

volts 

14.5 

20 

26 

mA 

3 

4.1 

5.5 

mA 

0.6 

0.85 

1 

mA 



0.1 

megohm 


Frequency Multiplier 

MAXIMUM CCS* RATINGS (Absolute-Maximum Values) 

Same as for RF POWER AMPLIFIER & OSCILLATOR 

TYPICAL OPERATION 


As doubler up to 40 MHz 


DC Plate Voltage . 

Grid No.3 . 

DC Grid-No.2 Voltage . 

DC Grid-No. 1 Voltage . 

Peak RF Grid-No.l Voltage . 

DC Plate Current . 

DC Grid-No.2 Current . 

DC Grid-No.l Current (Approx.) 

Driving Power (Approx.) . 

Useful Power Output (Approx.) 

MAXIMUM CIRCUIT VALUE 

Grid-No.1-Circ.uit Resistance 


200 

250 

300 

volts 

Connected to 

cathode 

at socket 

115 

145 

175 

volts 

—16 

—20 

—25 

volts 

19 

24 

31 

volts 

11 

15 

20 

mA 

2 

3 

4 

mA 

0.3 

0.45 

0.6 

mA 

5 

9 

13 

mW 

1.4 

1.9 

2.5 

watts 



0.1 

megohm 


Jl Key-down conditions per tube without amplitude modulation. Amplitude modulation essen¬ 
tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115 per cent of the carrier conditions. 
h Continuous Commercial Service. 


TYPE 8077/7054 
GRID No.3 CONNECTED TO CATHODE 
AT SOCKET. 

1 GRID-No-2 V0LTS450- 



100 200 300 400 

PLATE VOLTS 


8106 

INDUSTRIAL 

TYPE 


BEAM POWER TUBE 


Miniature type for use as a frequency multiplier and 
driver in mobile communications equipment. Outlines 
section, 6B; requires miniature 9-contact socket. 



9PL 


Heater Voltage . 

Heater Current . 

Peak Heater-Cathode Voltage 


13.5 ±1.5 volts 

0.25 ampere 

±100 max. volts 























Technical Data 517 

Direct Interelectrode Capacitances: 

Grid No.l to Plate . 0.09 pF 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 . 10 pF 

Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 2.8 pF 

Class Ai Amplifier 

MAXIMUM RATINGS (Absolute-Maximum Values) 

Plate Voltage . 330 volts 

Grid-No.2 (Screen-Grid) Voltage . 300 volts 

Grid-No.l Voltage . —125 volts 

Plate Dissipation . 6.0 watts 

Grid-No.l Current . 3.0 mA 

Cathode Current . 40 mA 

TYPICAL OPERATION AND CHARACTERISTICS 

Plate Voltage . 300 volts 

Grid-No.2 Voltage . 150 volts 

Grid-No.l (Control-Grid) Voltage . —3.5 volts 

Plate Resistance (Approx.) . 90000 ohms 

Transconductance . 9000 /anhos 

Plate Current . 16 mA 

Grid-No.2 Current . 3.2 mA 

Grid-No.l Voltage (Approx.) for plate fiA = 100 . —8 volts 


Refer to chart at end of section. 8136 

Refer to chart at end of section. 8203 

Refer to chart at end of section. 8233 



12AQ 


MEDIUM-MU TRIODE 


8393 

INDUSTRIAL 

TYPE 


Nuvistor type, medium-mu general purpose triode for 
use as an amplifier or oscillator at frequencies extend¬ 
ing into the UHF region. Outlines section, 1; requires 
nuvistor socket. The 8393 is the same as the 7586 ex¬ 
cept for the following items: 


Heater Voltage (ac/dc) . 13.5 ±1.4 volts 

Heater Current . 0.060 ampere 

Peak Heater-Cathode Voltage . ±100 max. volts 

Direct Interelectrode Capacitance (Approx.) : 

Grid to Plate . 2.4 pF 

Grid to Cathode, Heater, and Shell . 4.4 pF 

Plate to Cathode, Heater, and Shell . 1.6 pF 

Plate to Cathode . 0.26 pF 

Heater to Cathode . 1.7 pF 



8LY 


BEAM POWER TUBE 8417 

Glass octal type used as output amplifier in high- 
fidelity, high-power sound systems. Outlines section, 
19J; requires octal socket. This tube, like other power¬ 
handling tubes, should be adequately ventilated. 
Heater: volts (ac/dc), 6.3; amperes, 1.6; maximum 
heater-cathode volts, ±200 peak, 100 average. 
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Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage . 

Grid-No.2 (Screen-Grid) Voltage . 

Cathode Current . 

Plate Dissipation" . 

Grid-No.2 Input . 

CHARACTERISTICS 

Plate Voltage . 

Grid-No.2 Voltage . 

Grid-No. 1 (Control-Grid) Voltage . 

Grid-No. 1 Voltage for plate current of 1 mA . 

Plate Resistance . 

Transconductance . 

Plate Current . 

Grid-No.2 Current . 

Triode Amplification Factor . 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 

For fixed-bias operation . 

For cathode-bias operation . 


660 

volts 

500 

volts 

200 

mA 

35 

watts 

5* 

watts 


300 

volts 

300 

volts 

—12 

volts 

—37 

volts 

16000 

ohms 

23000 

/imhos 

100 

mA 

5.5 

mA 

16.5 



1 megohm 

0.25 megohm 


Push-Pull Class ABi Amplifier 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 

Plate Supply Voltage . 

Grid-No.2 Supply Voltage . 

Grid-No.l Voltage . 

Peak AF Grid-to-Grid Voltage . 

Zero-Signal Plate Current . 

Maximum-Signal Plate Current . 

Zero-Signal Grid-No.2 Current . 

Maximum-Signal Grid-No.2 Current . 

Effective Load (Plate-to-Plate) . 

Total Harmonic Distortion . 

Maximum Signal Power Output . 


400 

560 

volts 

275 

300 

volts 

—13 

—15.5 

volts 

24 

31 

volts 

150 

100 

mA 

294 

270 

mA 

4.4 

3.4 

mA 

34 

31 

mA 

2800 

4200 

ohms 

2.5 

2 

per cent 

65 

100 

watts 


■ A bias resistor or other means is required to protect the tube in absence of excitation. 
* Grid-No.2 may reach 8 watts during peak levels of speech and music levels. 


8532 

Refer 

to 

chart 

at 

end 

of 

section. 

8532/6J4WA 

Refer 

to 

chart 

at 

end 

of 

section. 

8532W 

Refer 

to 

chart 

at 

end 

of 

section. 

8627 

Refer 

to 

chart 

at 

end 

of 

section. 

8627A 

Refer 

to 

chart 

at 

end 

of 

section. 

8628 

Refer 

to 

chart 

at 

end 

of 

section. 

8808 

Refer 

to 

chart 

at 

end 

of 

section. 

8950 

Refer 

to 

chart 

at 

end 

of 

section. 

9001 

Refer 

to 

chart 

at 

end 

of 

section. 

9002 

Refer 

to 

chart 

at 

end 

of 

section. 

9003 

Refer 

to 

chart 

at 

end 

of 

section. 

9005 

Refer 

to 

chart 

at 

end 

of 

section. 

9006 

Refer 

to 

chart 

at 

end 

of 

section. 
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Refer to type 1S2A/DY87. 

DY87 

Refer to type 6AK8/EABC8. 

EABC80 

Refer to type 6DC8/EBF89. 

EBF89 

Refer to type 6DL4/EC88. 

EC88 

Refer to type 6FY5/EC97. 

EC97 

Refer to type 12AT7/ECC81. 

ECC81 

Refer to type 12AU7A/ECC82. 

ECC82 

Refer to type 12AX7A/ECC83. 

ECC83 

Refer to type 6AQ8/ECC85. 

ECC85 

Refer to type 6ES8/ECC189. 

ECC189 

Refer to type 6BL8/ECF80. 

ECF80 

Refer to type 6HG8/ECF86. 

ECF86 

Refer to type 6X9/ECF200. 

ECF200 

Refer to type 6U9/ECF201. 

ECF20T 

Refer to type 6GJ7/ECF801. 

ECF801 

Refer to type 6JW8/ECF802. 

ECF802 

Refer to type 6BM8/ECL82. 

ECL82 

Refer to type 6DX8/ECL84. 

ECL84 

Refer to type 6GV8/ECL85. 

ECL85 

Refer to type 6GW8/ECL86. 

ECL86 

Refer to type 6AM6/EF91. 

EF91 

Refer to type 6BA6/EF93. 

EF93 

Refer to type 6AK5/EF95. 

EF95 

Refer to type 6EH7/EF183. 

EF183 

Refer to type 6EJ7/EF184. 

EF184 

Refer to type 6X9/EFL200. 

EFL200 

Refer to type 6CA7/EL34. 

EL34 

Refer to type 6BQ5/EL84. 

EL84 

Refer to type 6CW5/EL8G. 

EL86 

Refer to type 6DL5/EL95. 

EL95 

Refer to type 6GB5/EL500. 

EL500 
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EL509 

Refer to type 6KG6A/EL509. 

ELL80 

Refer to type 6HU8/ELL80. 

EM84 

EM84/6GFG6 

Refer to chart at end of section. 

EM87 

Refer to type 6HU6/EM87. 

EY88 

Refer to type 6AL3/EY88. 

EY500 

Refer to type 6EC4A/EY500. 

GZ34 

Refer to type 5AR4/GZ34. 

HCC85 

Refer to type 17EW8/HCC85. 

LCF80 

Refer to type 6LN8/LCF80. 

LCF86 

Refer to type 5HG8/LCF86. 

LCF201 

Refer to type 5U9/LCF201. 

LCF801 

Refer to type 5GJ7/LCF801. 

LCF802 

Refer to type 6LX8/LCF802. 

LCL84 

Refer to type 10DX8/LCL84. 

LCL85 

Refer to type 10GV8/LCL85. 

LF183 

Refer to type 4EH7/LF183. 

LF184 

Refer to type 4EJ7/LF184. 

LFL200 

Refer to type 11Y9/LFL200. 

LL86 

Refer to type 10CW5/LL86. 

LL500 

Refer to type 18GB5/LL500. 

LY88 

Refer to type 20AQ3/LY88. 

PC900 

Refer to type 4HA5/PC900. 

PCC85 

Refer to type 9AQ8/PCC85. 

PCC88 

Refer to type 7DJ8/PCC88. 

PCF80 

Refer to type 9A8/PCF80. 

PCF86 

Refer to type 7HG8/PCF86. 

PCF801 

Refer to type 8GJ7/PCF801. 

PCF802 

Refer to type 9JW8/PCF802. 

PCL82 

Refer to type 16A8/PCL82. 

PCL84 

Refer to type 15DQ8/PCL84. 
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Refer to type 6GV8/PCL85. 

PCL85 

Refer to type 25E5/PL36. 

PL36 

Refer to type 15CW5/PL84. 

PL84 

Refer to type 27GB5/PL500. 

PL500 

Refer to type 40KG6A/PL509. 

PL509 

Refer to type 29KQ6/PL521. 

PL521 

Refer to type 17Z3/PY81. 

PY81 

Refer to type 30AE3/PY88. 

PY88 

Refer to type 42EC4A/PY500. 

PY500 

Refer to type 50BM8/UCL82. 

UCL82 

Refer to type 4ES8/XCC189. 

XCC189 

Refer to type 4BL8/XCF80. 

XCF80 

Refer to type 4GJ7/XCF801. 

XCF801 

Refer to type 9GV8/XCL85. 

XCL85 

Refer to type 3EH7/XF183. 

XF183 

Refer to type 3EJ7/XF184. 

XF184 

Refer to type 8CW5/XL86. 

XL86 

Refer to type 13GB5/XL500. 

XL500 

Refer to type 16AQ3/XY88. 

XY88 

Refer to type 5ES8/YCC189. 

YCC189 
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Characteristics 
Entertainment and Industrial 


Key to Chart: Type numbers shown in light face 
are discontinued types. Type numbers shown in 
bold face are available for replacement use, but 
are not recommended for new equipment design. 
Outline numbers refer to diagrams shown in 


RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

0A2WA 4 

Glow-Discharge Tube 

5D 

5B0 

— 

— 

Voltage Regulator 

0A3 4 

0A3A* 

Glow-Discharge Tube 

22 

13C 

4AJ 

— 

— 

Voltage Regulator 

0A4A 4 

Gas-Triode 

22 

4V 

— 

— 

Relay Circuits 

0B2WA* 

Glow-Discharge Tube 

5D 

5B0 

— 

— 

Voltage Regulator 

0C2 4 

Glow-Discharge Tube 

5D 

5B0 

— 

— 

Voltage Regulator 

0C3A* 

Glow-Discharge Tube 

13C 

4AJ 

— 

— 

Voltage Regulator 

0D3A ♦ 

Glow-Discharge Tube 

13C 

4AJ 

— 

— 

Voltage Regulator 

0Z4 

Full-Wave Gas Rectifier 

2A 

4R 

— 

— 

Rectifier 

0Z4G 

Full-Wave Gas Rectifier 

29D 

4R 

— 

— 

Rectifier 

1A3 

Diode 

5C 

5AP 

1.4 

0.15 

Rectifier 

1A4P 

Remote-Cutoff Pentode 

24B 

4M 

2.0F 

0.06 

Class A Amplifier 

1A5GT 

Power Pentode 

13D 

GX 

1.4F 

0.05 

Class A Amplifier 

1A6 

Pentagrid Converter 

24B 

6L 

2.OF 

0.06 

Converter 

1A7GT 

Pentagrid Converter 

14A 

7Z 

1.4F 

0.05 

Converter 

1AC5 

Power Converter 

29A 

8CP 

1.25F 

0.04 

Class A Amplifier 

★1AD2 

Half-Wave Rectifier 

9A 

12GV 

1.25F 

0.2 

Pulsed Rectifier in 

TV Receivers 

1AD5 

Sharp-Cutoff Pentode 

29A 

8CP 

1.25F 

0.04 

Class A Amplifier 

1AX2 

Half-Wave Rectifier 

7A 

9Y 

1.4F 

0.65 

Pulsed Rectifier in TV Receivers 

★1AY2 

Half-Wave Rectifier 

33A 

1AY2 

1.25F 

0.2 

Pulsed Rectifier in 

TV Receivers 

★1B3GT 

Half-Wave Rectifier 

14E 

3C 

1.25F 

0.2 

Pulsed Rectifier in TV Receivers 

1B4P 

Sharp-Cutoff Pentode 

24B 

4M 

2.OF 

0.06 

Class A Amplifier 

1B5/ Twin Diode—Medium-Mu Triode 
25S 

22 or 
13H 

6M 

2.0F 

0.06 

Triode Unit as Class A Amplifier 

1B7GT 

Pentagrid Converter 

14A 

11 

1.4F 

0.10 

Converter 

♦ Industrial 

type 

★ See 

Safety Precautions at 

end of 

this section. 
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the Outlines section in the Manual (see Table 
of Contents on page two. Terminal diagrams are 
included in numerical-alphabetical order in 
Terminal Diagram section. (See Table of Con¬ 
tents). 


Grid Bias Screen Power 



or 


Grid 

Plate 

AC Plate 

Trans- 

Amplifi- 



RCA 


Cathode 

Screen 

Cur- 

Cur* 

Resist- 

conduct- 

cation 


Out- 


Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 




For other characteristics, refer to Type OA2 

0A2WA 4 

75 

- - - 5-40 

— 

- - - - 

0A3* 

0A3A 4 

130 

- - - 25 

— 

- - - - 

0A4A 4 


For other characteristics, refer to Type OB2 

0B2WA 4 

75 

- - - 5-30 

— 

- - - - 

0C2* 


For other characteristics, refer to Type OC3 

0C3A^ 


For other characteristics, refer to Type OD3 

0D3A* 

Starting-Supply Voltage per Plate, 300 min. peak volts 

DC Output Current, 75 max., 30 min. mA 

Peak Plate Current, 200 max. mA 

DC Output Voltage, 300 max. volts 

0Z4 

Starting-Supply Voltage per Plate, 300 min. peak volts 

DC Output Current, 75 max., 30 min. mA 

Peak Plate Current, 200 max. mA 

DC Output Voltage, 300 max. volts 

0Z4G 


Max. Peak Plate Inverse Volts, 330 

Max. Peak Plate mA, 5 


Max. DC Output mA, 0.5 

Max. Peak Heater-Cathode Volts, 140 

1A3 


For other characteristics, refer 

to Type 1D5GP 

1A4P 

85 

90 

— 4.5V 85 0.7 3.5 

- 4.5V 90 1.1 4.0 

300000 

300000 

800 25000 0.100 

850 25000 0.115 

1A5GT 

135 

180 

- 3V 67.5 2.5 1.2 

— 3V 67.5 2.4 1.3 

400000 

500000 

Anode-Grid (2): 180 max. volts 

2.3 mA Oscillator-Grid (1) Resistor. 

1A6 

90 

0V 45 0.7 0.6 

600000 

Anode-Grid (2): 90 volts, 1.2 mA 
Oscillator-Grid (1) Resistor, 0.2 MO 
Conversion Transcond., 250 micromhos 

1A7GT 

45 

67.5 

— 3 V 45 0.2 1.0 

— 4.5V 67.5 0.4 2.0 

170000 

150000 

600 - 40000 0.015 

750 - 25000 0.050 

1AC5 


Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate mA, 50 


Max. Average Plate mA, 0.5 

1AD2 

30 

67.5 

0V 30 0.16 0.45 

0V 67.5 0.75 1.85 

700000 

700000 

430 - - - 

735 - - - 

1AD5 

Max. 

Max. 

Peak Inverse Plate Volts, 25000 

Peak Plate mA, 45 


Max. Average Plate mA, 0.5 

1AX2 


Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate mA, 50 


Max. Average Plate mA, 0.5 

1AY2 

Max. 

Max. 

Peak Inverse Plate Volts, 26000 

Peak Plate mA, 50 


Max. Average Plate mA, 0.5 

1B3GT 


For other characteristics, refer to Type 1E5GP 

1B4P 


For other characteristics, refer to Type 1H6G 

1B5/ 

25S 


For other characteristics, refer to Type 1A7GT 

1B7GT 
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Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


★1BC2 

Half-Wave Rectifier 

7E 

9RG 

1.25 

0.2 

Pulsed Rectifier in 

TV Receivers 

★1BH2 

*1BH2A 

Half-Wave Rectifier 

7G 

9RG 

1.25 

0.2 

Flyback Rectifier in 

TV Receivers 

1C5GT 

Power Pentode 

13D 

6X 

1.4F 

0.10 

Class A Amplifier 

1C6 

Pentagrid Converter 

24B 

6L 

2.0F 

0.12 

Converter 

1C7G 

Pentagrid Converter 

23 

7Z 

2.0F 

0.12 

Converter 

1C21 ♦ 

Gas-Triode 

13J 

4V 

— 

— 

Relay Circuits 

1D5GP 

Remote-Cutoff Pentode 

23 

5Y 

2.0F 

0.06 

Class A Amplifier 

1D5GT 

Remote-Cutoff Tetrode 

23 

5R 

2.OF 

0.06 

Class A Amplifier 

1D7G 

Pentagrid Converter 

23 

7Z 

2.0F 

0.06 

Converter 

1D8GT 

Diode-Triode-Power Pentode 

14A 

8AJ 

1.4F 

0.10 

Pentode Unit as Class A 
Amplifier 

Triode Unit as Class A 
Amplifier 

★1DG3 

Half-Wave Rectifier 

14J 

8ND 

1.25F 

0.2 

Pulsed Rectifier in TV Receivers 

1DN5 

Diode—Semiremote-Cutoff Pentode 

5C 

6BW 

1.4F 

0.5 

Pentode Unit as Class A 
Amplifier 

1E5GP 

Sharp-Cutoff Pentode 

23 

5Y 

2.OF 

0.06 

Class A Amplifier 

1E7GT 

Twin Power Pentode 

13D 

8C 

2.OF 

0.24 

Class A Amplifier 

1E8 

Pentagrid Converter 

29A 

8CN 

1.25F 

0.04 

Converter 

1F4 

Power Pentode 

26 

5K 

2.OF 

0.12 

Class A Amplifier 

1F5G 

Power Amplifier Pentode 

25 

6X 

2.OF 

0.12 

Class A Amplifier 

1F6 

Twin Diode—Sharp-Cutoff Pentode 

23 

6W 

2.0F 

0.06 

Pentode Unit as Class A 
Amplifier 

1F7G 

Twin Diode—Sharp-Cutoff Pentode 

23 

7AF 

2.OF 

0.06 

Pentode Unit as Class A 
Amplifier 

MJ3GT ^ Half-Wave Rectifier 

14B 

3C 

1.25F 

0.2 

Pulsed Rectifier in 

TV Receivers 

1G4GT 

Medium-Mu Triode 

13D 

5S 

1.4F 

0.05 

Class A Amplifier 

1G5G 

Power Pentode 

25 

6X 

2.0F 

0.12 

Class A Amplifier 

1G6GT 

High-Mu Twin Power Triode 

13D 

7AB 

1.4F 

0.10 

Class B Amplifier 

1H4G 

Medium-Mu Triode 

22 

5S 

2.0F 

0.06 

Class A Amplifier 

Class B Amplifier 

1H5GT 

Diode—High-Mu Triode 

14A 

5Z 

1.4F 

0.05 

Triode Unit as Class A Amplifier 

1H6G 

Twin Diode—Medium-Mu Triode 

22 

7AA 

2.0F 

0.06 

Triode Unit as Class A Amplifier 

★1J3 

Half-Wave Rectifier 

14E 

3C 

1.25F 

0.2 

Pulsed Rectifier in TV Receivers 

1J5G 

Power Pentode 

25 

6X 

2.0F 

0.12 

Class A Amplifier 

1J6G 

1J6GT 

Twin-Triode Amplifiers 

22 

13F 

7AB 

2.OF 

0.24 

Class B Amplifier 

★1K3 

Half-Wave Rectifier 

14B 

3C 

1.25F 

0.2 

Pulsed Rectifier in TV Receivers 

★1K3/ 

1J3 

Half-Wave Rectifier 

14B 

3C 

1.25F 

0.2 

Pulsed Rectifier in 

TV Receivers 

1L4 

Pentode 

5C 

6AP 

1.4F 

0.05 

RF Amplifier 


♦ Industrial type ★ See Safety Precautions at end of this section. 
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Grid Bias 

Screen 

Grid 

Plate 

AC Plate 


Power 



or 

Trans- Amplifi- 



RCA 


Cathode 

Screen Cur- 

Cur- 

Resist- 

conduct- cation 


| Out- 


Plate 

Resistor 

Grid rent 

rent 

ance 

ance Factor 

Load 

put 

Type 

Volts 


Volts mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 



Max. Peak 

Inverse Plate Volts, 

18000 





1BC2 


Max. Peak Plate mA, 45 



Max. Average Plate mA, 0.5 


Max. Peak 
Max 

Inverse Plate Volts, 

. Peak Plate mA, 45 

18000 


Max. Average Plate mA, 0.2 

1B-H2 

1BH2A 

90 

- 7.5V 

90 3.5 

7.8 

115000 

1550 - 

8000 

0.24 

1C5GT 



For other characteristics, refer to Type 1C7G 



1C6 

135 

180 

— 3V 

— 3V 

67.5 2.5 

67.5 2.0 

1.3 

1.5 

600000 

700000 

Anode-Grid (2): 180 max. volts, 

4.0 mA Oscillator-Grid (1) Resistor. 
Conversion Transcond., 325 micromhos. 

1C7G 

145 

0 

- - 

25 

— 

- - 

— 

— 

1C21 ♦ 

90 

( - 3V 1 

67.5 0.9 

2.2 

600000 

720 



1D5GP 

180 

( min. J 

67.5 0.8 

2.3 

1 M 

750 





For other characteristics, refer to Type 1D5GP 



1D5GT 



For other characteristics, refer to Type 1A6 



1D7G 

90 

— 9V 

90 1.0 

5.0 

— 

925 - 

12000 

0.200 

- inRGT 










90 

OV 

- - 

1.1 

43500 

575 25 

— 

— 



Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate mA, 50 


Max. Average Plate mA, 0.5 

1DG3 

67.5 

OV 

67.5 0.55 

2.1 

600000 

630 - 

— 

— 

1DN5 

90 

— 3V 

67.5 0.7 

1.6 

1 M 

600 



1E5GP 

180 

- 3V 

67.5 0.6 

1.7 

1.5 M 

650 



135 

— 7.5V 

135 3.5 

10.5 

— 

- - 

24000 

0.575 

1E7GT 

45 

OV 

45 1.1 

0.6 

400000 

Oscillator Grid (1) 

Resistor, i 

0.1 MQ 

1E8 

67.5 

OV 

67.5 1.5 

1.0 

400000 

Conversion Transcond., 150 micromhos 



For other characteristics, refer to Type 1F5G 



1F4 

90 

— 3V 

90 1.1 

4.0 

240000 

1400 - 

20000 

0.11 

1F5G 

135 

— 4.5V 

135 2.4 

8.0 

— 

- - 

— 

0.31 



For other characteristics, refer to Type 1F7G 



1F6 

180 

— 1.5V 

67.5 0.7 

2.2 

— 

- - 

— 

— 

1F7G 


Max. Peak 
Max. 

Inverse Plate Volts, 26000 
Peak Plate mA, 50 


Max. Average Plate mA, 0.5 

1G3GT/ 

1B3GT 

90 

— 6V 

- - 

2.3 

10700 

825 8.8 

— 

— 

1G4GT 

90 

— 6V 

90 2.5 

8.5 

133000 

1500 

8500 

0.25 

1G5G 

135 

—13.5V 

135 2.5 

9.7 

160000 

1550 

9000 

0.55 

90 

OV 

- 11 

— 

-- 

- - 

12000 

0.350 

1G6GT 

180 

—13.5V 

- - 

3.1 

10300 

900 9.3 

— 

— 

- 1H4G 

157.5 

—15V 

- - 

l.On 

— 

- - 

8000 

2.It 


90 

OV 

- - 

0.15 

240000 

275 65 

— 

— 

1H5GT 

135 

— 3V 

-- - 

0.8 

35000 

575 20 

— 

— 

1H6G 


Max. Peak Inverse Plate Volts, 26000 (Abs.) 
Max. Peak Plate mA, 50 


Max. Average Plate mA, 0.5 

1J3 

135 

—16.5V 

135 2.0 

7.0 

105000 

950 - 

13500 

0.45 

1J5G 

135 

OV 


Power Output is for one tube at 

10000 

2.1 

1J6G 

135 

— 3V 


stated plate-to-plate load 

10000 

1.9 

1J6GT 


Max. Peak Inverse Plate Volts, 26000 (Abs.) 
Max. Peak Plate mA, 50 


Max. Average Plate mA, 0.5 

1K3 


Max. Peak 
Max. 

Inverse Plate Volts, 
Peak Plate mA, 50 

26000 


Max. Average Plate mA, 0.5 

1K3/ 

1J3 

90 

0 

90 2 

4.5 

350000 

1025 - 

— 

— 

1L4 

t For two tubes at stated plate-to-plate load. 



□ For two tubes. 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


1L6 

Pentagrid Converter 

5C 

7DC 

1.4F 

0.05 

Converter 

1LA4 

Power Pentode 

12B 

5AD 

1.4F 

0.05 

Amplifier 

1LA6 

Pentagrid Converter 

12B 

7AK 

1.4F 

0.05 

Converter 

1LB4 

Power Pentode 

12B 

5AD 

1.4F 

0.05 

Class A Amplifier 

1LC5 

Sharp-Cutoff Pentode 

12B 

7AO 

1.4F 

0.05 

Class A Amplifier 

1LC6 

Pentagrid Converter 

12B 

7AK 

1.4F 

0.05 

Converter 

1LD5 

Diode—Sharp-Cutoff Pentode 

12B 

6AX 

1.4F 

0.05 

Pentode Unit as Class A 
Amplifier 

1LE3 

Medium-Mu Triode 

12B 

4AA 

1.4F 

0.05 

Class A Amplifier 

1LG5 

Remote-Cutoff Pentode 

12B 

7AO 

1.4F 

0.05 

Class A Amplifier 

1LH4 

Diode—High-Mu Triode 

12B 

5AG 

1.4F 

0.05 

Triode Unit as Class A Amplifier 

1LN5 

Sharp-Cutoff Pentode 

12B 

7AO 

1.4F 

0.05 

Class A Amplifier 

★1N2A 

Half-Wave Rectifier 

19A 

3C 

1.25F 

0.2 

Pulsed Rectifier in TV Receivers 

1N5GT 

Sharp-Cutoff Pentode 

14A 

5Y 

1.4F 

0.05 

Class A Amplifier 

1N6G 

Diode—Power Pentode 

29A 

7AM 

1.4F 

0.05 

Pentode Unit as Class A 
Amplifier 

1P5GT 

Remote-Cutoff Pentode 

14A 

5Y 

1.4F 

0.05 

Class A Amplifier 

1Q5GT 

Beam Power Tube 

13D 

6AF 

1.4F 

0.1 

Class A Amplifier 

1R5 

Pentagrid Converter 

5C 

7AT 

1.4F 

0.05 

Converter 

★1S2A/ 

DY87 

Half-Wave Rectifier 

7F 

9DT 

1.4 

0.55 

Pulsed Rectifier in 

TV Receivers 

1S4 

Power Pentode 

5C 

7AV 

1.4F 

0.1 

Class A Amplifier 

IS,5 

Diode—Sharp-Cutoff Pentode 

5C 

6AU 

1.4F 

0.05 

Pentode Unit as AF Amplifier 

1T4 

Remote-Cutoff Pentode 

5C 

6AR 

1.4F 

0.05 

Class A Amplifier 

1T5GT 

Beam Power Tube 

13D 

6X 

1.4F 

0.05 

Class A Amplifier 

1T6 

Diode—Sharp-Cutoff Pentode 

29A 

8DA 

1.25F 

0.04 

Pentode Unit as Class A 
Amplifier 

1U4 

Sharp-Cutoff Pentode 

5C 

6AR 

1.4F 

0.05 

Class A Amplifier 

1U5 

Diode—Sharp-Cutoff Pentode 

5C 

6BW 

1.4F 

0.05 

Pentode Unit as Class A 
Amplifier 

IV 

Half-Wave Rectifier 

22 or 
13H 

4G 

6.3 

0.3 

With Capacitive-Input Filter 

★1X2A 

Half-Wave Rectifier 

7A 

9Y 

1.25F 

0.2 

Pulsed Rectifier in TV Receivers 

1X2B 
*1X2B/ 
1X2 A 

Half-Wave Rectifier 

7A 

9Y 

1.25F 

0.2 

Pulsed Rectifier in 

TV Receivers 

2A3 






Class A Amplifier 

Power Triode 

27B 

4D 

2.5F 

2.5 

Push-Pull Class ABi Amplifier 

2A5 

Power Pentode 

28 

6B 

2.5 

1.75 

Amplifier 

2A6 

Twin Diode—High-Mu Triode 

24B 

6G 

2.5 

0.8 

Triode Unit as Amplifier 

2A7 

Pentagrid Converter 

24B 

7C 

2.5 

0.8 

Converter 


★ See Safety Precautions at end of this section. 
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Grid Bias Screen Power 



or 


Grid 

Plate 

AC Plate 

Trans- 

Amplifi- ' 



RCA 


Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 


Out- 


Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



90 






Anode-Grid (2): 90 max. volts, 1.2 mA 


OV 

45 

0.6 

0.5 

650000 

Oscillator Grid (1) Resistor, 0.2 MQ 
Conversion Transcond, 300 micromhos 

1 L 6 




For other characteristics, refer to Type 1A5GT 

1LA4 







Total Cathode mA, 4 


90 

OV 

65 

0.6 

0.55 

750000 

Conversion Transcond. (for grid-No. 4 
bias of —3 volts), 10 micromhos 

1LA6 


For other characteristics, refer to Pentode Unit of Type 1D8GT 

1LB4 

45 

OV 

45 

0.35 

1.10 

700000 

750 - - - 

1LC5 

90 

OV 

45 

0.30 

1.15 

1 M 

775 - - - 

45 

90 

OV 

OV 

35 

35 

0.75 

0.70 

0.70 

0.75 

300000 

650000 

Anode-Grid (2): 50 max. volts, 1.4 mA 
Oscillator-Grid (1) Resistor, 0.2 MQ 

1LC6 

Conversion Transcond., 275 micromhos 


90 

OV 

45 

0.1 

0.6 

750000 

575 - - - 

1LD5 

90 

OV 

— 


4.5 

11200 

1300 14.5 - - 

1LE3 

90 

— 3 V 

— 


1.4 

19000 

760 14.5 - - 

90 

OV 

45 

0.4 

1.7 

1 M 

800 - - - 

1LG5 

90 

- 1.5V 

90 

0.9 

3.7 

500000 

1150 - - - 



For other characteristics, refer to Type 1H5GT 

1LH4 

90 

OV 

90 

0.35 

1.6 

1.1 M 

800 - - - 

1LN5 

Max. Peak Inverse Plate Volts (Total DC and Peak), 28000 

Max. Average Plate mA, 0.5 

1N2A 

Max. Peak Plate mA, 50 





OV 

90 

0.3 

1.2 

1.5 M 

750 

- - - 90 

1N5GT 

90 

- 4.5V 

90 

0.6 

3.1 

300000 

800 - 25000 0.1 

1N6G 

90 

OV 

90 

0.7 

2.3 

800000 

750 - - - 

1P5GT 

110 

— 6 . 6 V 

110 

1.4 

10 

100000 

2200 - 8000 0.4 

1Q5GT 

45 

OV 

45 

2.1 

0.7 

400000 

Conversion Transcond., 210 /imhos 

1R5 

90 

OV 

67.5 

3.5 

1.5 

500000 

Conversion Transcond., 280 //.mhos 


Max. Peak 

Inverse Plate Volts, 22000 



1S2A/ 


Max. 

Peak Plate mA, 40 


Max. Average Plate mA, 0.8 

DY87 

45 

— 4.5V 

45 

0.8 

3.8 

100000 

1250 8000 0.065 

1S4 

90 

— 7V 

67.5 

1.4 

7.4 

100000 

1575 8000 0.27 

Plate Supply, 90 V applied through 1 

MQ resistor. Screen 

Supply, 90 V applied through 3.1 MQ 

1S5 

resistor. 

Grid Bias, 0 volts. Grid Resistor, 10 megohms. Voltage Gain, 66 approx. 

45 

OV 

45 

0.7 

1.7 

350000 

700 

1T4 

90 

OV 

67.5 

1.4 

3.5 

500000 

900 

90 

— 6 V 

90 

0.8 

6.5 

250000 

1150 - 14000 0.17 

1T5GT 

45 

OV 

45 

0.21 

0.75 

500000 

475 - - - 

1 T 6 

67.5 

OV 

67.5 

0.4 

1.6 

400000 

600 - - - 

90 

OV 

90 

0.50 

1.1 

1 M 

goo - - - 

1U4 

67.5 

OV 

67.5 

0.4 

1.6 

600000 

625 - - - 

1U5 

Max. AC Plate Volts (RMS), 325 


Min. Total Effective 

Plate-Supply Impedance: Up to 117 

IV 

Max. DC Output mA, 45 


volts, 0 ohms; at 150 volts, 30 ohms; at 325 volts, 75 ohms 

Max. Peak Inverse Plate Volts, 20000 
Max. Peak Plate mA, 45 



Max. Average Plate mA, 0.5 

1X2 A 


Max. Peak Inverse Plate Volts, 22000 
Max. Peak Plate mA, 45 


Max. Average Plate mA, 0.5 

1X2B 
1X2B/ 
1X2 A 

250 

—45V 

— 

— 

60.0 

800 

5250 4.2 2500 3.5 

2A3 

300 

7800 □ 



80.On 


5000 lO.Ot 

300 

—62V 



80.on 


- 3000 15.0t 




For other characteristics, refer to Type 6 F 6 G 

2A5 



For other characteristics, refer to Type 6SQ7 

2A6 



For other characteristics, refer to Type 6 A 8 

2A7 


t For two tubes at stated plate-to-plate load. □ For two tubes. 






528 


RCA Receiving Tube Manual 


RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


2AF4A 

2AF4B 

Medium-Mu Triode 

5B 

7DK 

2.35 

0.6 

Class A Amplifier 

★2AH2 

Half-Wave Rectifier 

9A 

12D G 

2.5 

0.3 

Pulsed Rectifier in 

TV Receivers 

★2AS2 

Half-Wave Rectifier 

9B 

12EW 

2.5 

0.33 

Pulsed Rectifier in 

TV Receivers 

2B7 

Twin Diode—Remote-Cutoff 
Pentode 

24B 

7D 

2.5 

0.8 

Pentode Unit as Amplifier 

2BA2 

Half-Wave Rectifier 

6B 

9U 

1.8F 

0.3 

Flyback Rectifier in 

TV Receivers 

★2BJ2 

Half-Wave Rectifier 

7A 

9RT 

2.3 

0.3 

Pulsed Rectifier in 

TV Receivers 

★2BJ2A 

Half-Wave Rectifier 

7A 

9RT 

2.3 

0.3 

Pulsed Rectifier in TV Receivers 

2BN4 

Medium-Mu Triode 

5C 

7EG 

2.3 

0.6 

Class A Amplifier 

2D21W 4 

Gas-Tetrode 

5C 

7BN 

6.3 

0.6 

Thyratron 

★2CN3A 

Half-Wave Rectifier 

14F 

8MU 

1.8 

0.9 

Flyback Rectifier in 

TV Receivers 

2DZ4 

Medium-Mu Triode 

5B 

7DK 

2.35 

0.6 

Class A Amplifier 

2E5 

Electron-Ray Tube 

22 or 
13H 

6R 

2.5 

0.8 

Visual Indicator 

2EN5 

Twin Diode 

5C 

7FL 

2.1 

0.45 

Horizontal Phase Detector 

2ER5 

High-Mu Triode 

5C 

7FP 

2.3 

0.6 

Class A Amplifier 

2FQ5A 

High-Mu Triode 

5C 

7FP 

2.3 

0.6 

Class A Amplifier 

2GK5 

High-Mu Triode 

5C 

7FP 

2.3 

0.6 

Class A Amplifier 

2GU5 

Beam Hexode 

5C 

7GA 

2.4 

0.6 

Class A Amplifier 

★3A2 

Half-Wave Rectifier 

7A 

9DT 

3.15 

0.22 

Pulsed Rectifier in TV Receivers 

★3A3 

3A3/3B2 

Half-Wave Rectifier 

14E 

8EZ 

3.15 

0.22 

Pulsed Rectifier in TV Receivers 

3A3A 

★3A3A/ 

3B2 

Half-Wave Rectifier 

14F 

8EZ 

3.15 

0.22 

Pulsed Rectifier in TV Receivers 

★3A3B 

Half-Wave Rectifier 

14F 

8EZ 

3.15 

0.22 

Pulsed Rectifier in 

TV Receivers 

3A4* 

Tetrode 

5C 

7BB 

1.4F 

2.8F 

0.2 

0.1 

AF Power Amplifier 

3A8GT 

Diode-Triode—Pentode 

29G 

8AS 

1.4F 

2.8F 

0.1 

0.05 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

3AF4A 

Medium-Mu Triode 

5B 

7DK 

3.15 

0.45 

Class A Amplifier 

★3AT2 

Half-Wave Rectifier 

9B 

12FV 

3.15 

0.22 

Pulsed Rectifier in 

TV Receivers 

3AV6 

Twin Diode—High-Mu Triode 

5C 

7BT 

3.15 

0.6 

Triode Unit as Class A Amplifier 

3AW2 

Half-Wave Rectifier 

9B 

12EW 

3.15 

0.39 

Pulsed Rectifier in 

TV Receivers 

3AW3 

Half-Wave Rectifier 

14B 

8EZ 

3.15 

0.22 

Pulsed Rectifier in TV Receivers 

3B2 

Half-Wave Rectifier 

21C 

8GH 

3.15 

0.22 

Pulsed Rectifier in TV Service 

3B4WA 4 

Beam Power Tube 

5C 

7CY 

1.25F 

2.50F 

0.33 

0.165 

Class C Amplifier 

3BA6 

Remote-Cutoff Pentode 

5C 

7BK 

3.15 

0.6 

Class A Amplifier 

3BC5 

Sharp-Cutoff Pentode 

5C 

7BD 

3.15 

0.6 

Class A Amplifier 

3BE6 

Pentagrid Converter 

5C 

7CH 

3.15 

0.6 

Converter 


♦ Industrial type ★ See Safety Precautions at end of this section. 
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Grid Bias Screen _Power 


Plate 

or 

Cathode 

Resistor 

Screen 

Grid 

Grid 

Cur¬ 

rent 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Trans- 

conduct¬ 

ance 

Amplifi- ' 
cation 
Factor 

Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



80 

1500 - - 17.5 

2100 

6500 13.5 - - 

2AF4A 

2AF4B 


Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate mA, 80 


Max. Average Plate mA, 1.5 

2AH2 


Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate mA, 80 


Max. Average Plate mA, 1.5 

2AS2 


For other characteristics, refer to Type 6B8G 

2B7 


Max. Peak Inverse Plate Volts, 8250 
Max. Peak Plate mA, 50 


Max. Average Plate mA, 0.6 

2BA2 


Max. Peak Inverse Plate Volts, 20000 
Max. Peak Plate mA, 80 


Max. Average Plate mA, 1 

2BJ2 


Max. Peak Inverse Plate Volts, 22000 
Max. Peak Plate mA, 80 


Max. Average Plate mA, 1 

2BJ2A 

150 

2200 - - 9 

6300 

6800 43 - - 

2BN4 


For other characteristics, refer to Type 2D21 

2D21W^ 


For other characteristics, refer to Type 3CN3A 

2CN3A 

80 

- - - 15 

2000 

6700 14 - - 

2DZ4 


For other characteristics, refer to Type 6E5 

2E5 

JMax. Peak Heater-Cathode Volts, ±200 
(DC Volts Not to Exceed +100 


Max. DC Plate mA,5 

2EN5 


For other characteristics, refer to Type 6ER5 

2ER5 


For other characteristics, refer 

to type 6FQ5A 

2FQ5A 


For other characteristics, 

refer to Type 6GK5/6FQ5A 

2GK5 


For other characteristics, refer to Type 6GU5 

2GU5 

Max. Peak Inverse Plate Volts, 18000 

Max. Peak Plate mA, 80 


Max. Average Plate mA, 1.5 

3A2 

Max. Peak Inverse Plate Volts, 30000 

Max. Peak Plate mA, 88 


Max. Average Plate mA, 1.7 

3A3 

3A3/3B2 

Max. Peak 
Max. Peak 

Inverse Plate Volts, 30000 

Plate mA, 100 

Max. Average Plate mA, 2 

3A3A 

3A3A/ 

3B2 


Max. Peak Inverse Plate Voits, 38000 
Max. Peak Plate mA, 100 


Max. Average Plate mA, 2 

3A3B 

150 

—8.4V 90 2.2 133 

100000 

1900 - 8000 0.7 

3A4^ 

90 

OV - - 0.2 

200000 

325 65 - - 


90 

OV 90 0.5 1.5 

800000 

750 - - - 

3A8GT 


For other characteristics, refer to Type 2AF4B 

3AF4A 


Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate mA, 88 


Max. Average Plate mA, 1.7 

3AT2 


For other characteristics, refer to Type 6AV6 

3AV6 


For other characteristics, refer to Type 3CZ3 

3AW2 


For other characteristics, refer to Type 3A3/3B2 

3AW3 

Max. Peak Plate mA, 80 

Max. Total DC & Peak Inverse Plate Volts, 35000 (Abs.) 

Max. DC Inverse Plate Volts, 25000 
Max. Average Plate mA, 1.1 

3B2 

150 

—38 V 135 6.2 25 

— 

- - 1.25 

3B4WA* 

100 

250 

680 100 4.4 10.8 

680 100 4.2 11 

250000 

1 M 

4300 - - - 

4400 - - - 

3BA6 

100 

250 

mCl 100 1.4 4.7 

1SUU 150 2.1 7.5 

600000 

800000 

4900 

5700 - 

3BC5 

250 

Excited 100 6 - 8 29 

1 M 

Conversion Transcond., 475 /imhos 
Grid-No. 1 Resistor, 20000 ohms 

3BE6 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


★3BL2 

★3BL2A 

Half-Wave Rectifier 

9B 

12HK 

3.3F 

0.285 

Pulsed Rectifier in 

TV Receivers 

★3BM2 

Half-Wave Rectifier 

9B 

12HK 

3F 

0.3 

Pulsed Rectifier in 

TV Receivers 

★3 BN 2 

*3BN2A 

Half-Wave Rectifier 

9B 

12FV 

3.15 

0.3 

Flyback Rectifiers in 

TV Receivers 

3BN4 

Medium-Mu Triode 

5C 

7EG 

3.0 

0.45 

Class A Amplifier 

★3BS2A 

Half-Wave Rectifier 

98 

12HY 

3.15 

0.48 

Flyback Rectifiers in 

TV Receivers 

3BU8 

Sharp-Cutoff Twin Pentode 

6E 

9FG 

3.15 

0.6 

Class A Amplifier 
(With both sections operating) 

3BY6 

Pentagrid Amplifier 

5C 

7CH 

3.15 

0.6 

Class A Amplifier 

★3CA3 

Half-Wave Rectifier 

14E 

8MH 

3.6 

0.225 

Pulsed Rectifier in 

TV Receivers 

3CE5 

Sharp-Cutoff Pentode 

50 

7BD 

3.15 

0.6 

Class A Amplifier 

3CF6 

Sharp-Cutoff Pentode 

5C 

7CM 

3.15 

0.6 

Class A Amplifier 

Ar3CN3A 

Half-Wave Rectifier 

14F 

8MU 

3.15 

0.48 

Flyback Rectifiers in 

TV Receivers 

★3CX3 

Half-Wave Rectifier 

14G 

8MT 

3.15 

0.48 

Pulsed Rectifier in 

TV Receivers 

★3DA3/ 
30 H 3 

Half-Wave Rectifier 

14G 

8MY 

3.15 

0.48 

Pulsed Rectifiers in 

TV Receivers 

★3DR3 

Half Wave Rectifier 

29Q 

8NL 

3.15 

0.3 

Pulsed Rectifier in 

TV Receivers 

★3DS3 

Half-Wave Rectifier 

29P 

8NL 

3.15 

0.48 

Pulsed Rectifier in 

TV Receivers 

3DZ4 

Medium-Mu Triode 

5B 

7DK 

3.2 

0.45 

Class A Amplifier 

3EA5 

Sharp-Cutoff Tetrode 

5C 

7EW 

2.9 

0.45 

Class A Amplifier 

3EJ7 

Sharp-Cutoff Pentode 

6C 

9AQ 

3.4 

0.6 

Class A Amplifier 

3FH5 

HighrMu Triode 

5C 

7FP 

3.0 

0.45 

Class A Amplifier 

3GS8 

3GS8/ 

3BU8 

Sharp-Cutoff Twin Pentode 

6E 

9LW 

3.15 

0.6 

Class A Amplifier 
(With both sections operating) 

3HA5 

High-Mu Triode 

5A 

7GM 

2.7 

0.45 

Class A Amplifier 

3HS8 

Sharp-Cutoff Twin Pentode 

6E 

9FG 

3.15 

0.6 

Class A Amplifier 
(With both sections operating) 

3JC6 

Sharp-Cutoff Pentode 

6B 

9PM 

3.5 

0.6 

Class A Amplifier 

3JD6 

Sharp-Cutoff Pentode 

6B 

9PM 

3.5 

0.6 

Class A Amplifier 

3LF4 

Beam Power Tube 

12B 

6BA 

1.4F 

2.8F 

0.1 

0.05 

Class A Amplifier 

3Q4 

Power Pentode 

5C 

7BA 

1.4F 

2.8F 

0.1 

0.05 

Class A Amplifier 

3Q5GT 

Beam Power Tube 

13D 

7AP 

1.4F 

2.8F 

0.1 

0.05 

Class A Amplifier 

3S4 

Power Pentode 

5C 

7BA 

1.4F 

2.8F 

0.1 

0.05 

Class A Amplifier 

3V4 

Power Pentode 

5C 

6BX 

1.4F 

2.8F 

0.1 

0.05 

Class A Amplifier 

4BC5 

Sharp-Cutoff Pentode 

5C 

7BD 

4.2 

0.45 

Class A Amplifier 

4BL8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9DC 

4.6 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

4BQ7A/ 

4BZ7 

Medium Mu Twin Triode 

6B 

9AJ 

4.2 

0.6 

Each Unit 

as Class A Amplifier 

4BS8 

Medium-Mu Twin-Triode 

6B 

9AJ 

4.6 

0.6 

Class A Amplifier 

4BU8 

Sharp-Cutoff Twin Pentode 

6E 

9FG 

4.2 

0.45 

Class A Amplifier 
(With both sections operating) 


* See Safety Precautions at end of this section. 
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Grid Bias Screen .. _ Power 



or 


Grid 

Plate 

AC Plate 

Trans- 

Amplifi- 



RCA 


Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 


Out- 

Type 

Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 




Max. Peak 
Max. 

Inverse Plate Volts, 33000 M AveraPP Plate mA 2 

Peak Plate mA, 100 Max - Average naxe mA « 2 

3BL2 

3BL2A 


Max. Peak Inverse Plate Volts, 33000 Aupr j, pp piatP mA 2 

Max. Peak Plate mA, 100 Max< Average piaTe mA - L 

3BM2 


Max. Peak 
Max. 

Inverse Plate Volts, 30000 Max Average Plate mA 1 7 

Peak Plate mA, 88 Max - Average naTe mA - 

3BN2 

3BN2A 



For other characteristics, refer to Type 6BN4 


3BN4 


Max. Peak Inverse Plate Volts, 38000 Max Average Plate mA 2 2 

Max. Peak Plate mA, 110 Max ' AVerage naie mA ’ 

3BS2A 

100 

100 

— 

67.5 6.5 - - - - 

67.5 3.3 2.2 - - - 

_ _ 

3BU8 



For other characteristics, refer to Type 6BY6 


3BY6 


Max. Peak 
Max. 

Inverse Plate Volts, 30000 May Avprapp pi at p mA 2 

Peak Plate mA, 100 Max - Average Plate mA * 2 

3CA3 



For other characteristics, refer to Type 6CE5 


3CE5 



For other characteristics, refer to Type 6CF6 


3CF6 


Max. Peak Inverse Plate Volts. 38000 May Avpragp pi-tp mA 2 2 

Max. Peak Plate mA, 110 Max - Average nate mA - ^ 

3CN3A 



For other characteristics, refer to Type 3DA3/3DH3 


3CX3 


Max. Peak Inverse Plate Volts, 38000 May Avprapp pi atp mA 2 2 

Max. Peak Plate mA, 110 Max - Average p,ate mA - 21 

3DA3/ 

3DH3 


Max. Peak 
Max. 

Inverse Plate Volts, 38000 May Avprapp pi a t P mA ? 

Peak Plate mA, 100 Max - Average Plate mA > 2 

3DR3 


For other characterstics, refer to type 3DA3/3DH3 


3DS3 



For other characteristics, refer to Type 2DZ4 


3DZ4 

250 

—IV 

140 0.95 10 150000 8000 - 

- - 

3EA5 

190 

200 

- 2.35V 

— 2.5V 

190 4.1 10 350000 15000 - 

200 4.1 10 350000 15000 - 

zz = 

3EJ7 



For other characteristics, refer to Type 6FH5 


3FH5 



For other characteristics, refer to Type 4GS8/4BU8 


3GS8 

3GS8/ 

3BU8 

135 

87Q 

10 19 1000 20000 80 

“ — 11.5 5600 14500 72 

- - 

3HA5 

100 

100 

_ 

67.5 7 - - - - 

67.5 4.4 2 - - - 

zz zz 

3HS8 

125 

125 

560 

560 

125 3.2 13 180000 15000 - 

125 3.4 14 180000 16000 - 

zz zz 

3JC6 



For other characteristics, refer to Type 6JD6 


3JD6 



For other characteristics, refer to Type 3Q5GT 


3LF4 



For other characteristics, refer to Type 3V4 


3Q4 

“ 110 
no 

— 6.6V 

— 6.6V 

110 1.4 10.0 100000 2200 

110 1.1 8.5 110000 2000 

8000 0.40 

8000 0.33 

3Q5GT 

90 

90 

— 7 V 

— 7V 

67.5 1.4 7.4 100000 1575 - 

67.5 1.1 6.1 100000 1425 - 

8000 0.27 

8000 0.235 

3S4 

90 

90 

— 4.5V 

— 4.5V 

90 2.1 9.5 100000 21o0 - 

90 1.7 7.7 120000 2000 - 

10000 0.27 

10000 0.24 

3V4 

250 

1800 

150 2.1 7.5 800000 5700 - 

- - 

4BC5 



For other characteristics, refer to Type 6BL8 


4BL8 



For other characteristics, refer to Type 6BQ7A 


4BQ7A/ 

4BZ7 



For other characteristics, refer to Type 3BU8 


4BS8 



For other characteristics, refer to Type 6BS8 


4BU8 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


4B27 

Medium-Mu Twin Triode 

63 

9AJ 

4.2 

0.6 

Each Unit 

as Class A Amplifier 

4CY5 

Sharp-Cutoff Tetrode 

5C 

7EW 

4.5 

0.3 

Class A Amplifier 

4DT6 

Sharp-Cutoff Pentode 

5C 

7EN 

4.2 

0.45 

Class A Amplifier 

4EH7 

Ssmiremote-Cutoff Pentode 

6C 

9AQ 

4.4 

0.45 

Class A Amplifier 

4EJ7 

Sharp-Cutoff Pentode 

6C 

9AQ 

4.4 

0.45 

Class A Amplifier 

4ES8 

Variable-Mu Twin-Triode 

6B 

9AJ 

4 

0.6 

Each Unit as Class A Amplifier 
Cascode-Type Amplifier 

4ES8/ 

XCC189 

Variable-Mu Twin Triode 

6B 

9AJ 

4 

0.6 

Each Unit 

as Class A Amplifier 

4EW6 

Sharp Cutoff Pentode 

5C 

7CM 

4.2 

0.6 

Class A Amplifier 

4GM6 

Semiremote-Cutoff Pentode 

5C 

7CM 

4.2 

0.6 

Class A Amplifier 

4GS8 

Sharp-Cutoff Pentode 

6E 

9LW 

4.2 

0.45 

Class A Amplifier 

4GS8/ 

4BU8 

Sharp Cutoff Twin Pentode 

6E 

9LW 

4.2 

0.45 

Class A Amplifier 
(With both sections operating) 

4GX7 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

SQA 

4.2 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

4GZ5 

Power Pentode 

5C 

7CV 

4 

0.6 

Class A Amplifier 

4HA5/ 

PC900 

High-Mu Triode 

5A 

7GM 

3.9 

0.3 

Class A Amplifier 

4HA7 

Dual Triode 

8A 

12FQ 

4.2 

0.6 

Each Unit 

as Class A Amplifier 

4HA7/ 

4HC7 

Dual Triode 

8A 

12FQ 

4.2 

0.6 

Class A Amplifier 

4HC7 

Dual Triode 

30E 

12FR 

4.2 

0.6 

Each Unit 

as Class A Amplifier 

4HM6 

Sharp-Cutoff Pentode 

6B 

9PM 

4.2 

0.45 

Class A Amplifier 

4HT6 

Semiremote-Cutoff Pentode 

68 

9PM 

4.2 

0.45 

Class A Amplifier 

4JC6 

Sharp-Cutoff Pentode 

6B 

9PM 

4.5 

0.45 

Class A Amplifier 

4KN8/ 

4RHH8 

Medium-Mu Twin-Triode 

6B 

9AJ 

4.2 

0.6 

Class A Amplifier 

4LU6 

Sharp-Cutoff Pentode 

5C 

7CM 

4.2 

0.6 

Class A Amplifier 

5AS4 

Full-Wave Rectifier 

27A 

5T 

5.OF 

3.0 

With Capacitive-Input Filter 

5AS8 

Diode—Sharp-Cutoff Pentode 

63 

9DS 

4.7 

0.6 

Class A Amplifier 

5AU4 

Full-Wave Rectifier 

19G 

5T 

5.OF 

3.75 

With Capacitive-Input Filter 

With Inductive-Input Filter 

5AV8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9DZ 

4.7 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

5AW4 

Full-Wave Rectifier 

19H 

5T 

5.0F 

3.7 

Rectifier 

5AZ4 

Full-Wave Rectifier 

12C 

5T 

5.0F 

2.0 


5B8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

68 

9EC 

4.7 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 







With Capactive-lnput Filter 

5BC3 

Full-Wave Rectifier 

17C 

9QJ 

5F 

3 

— 







With Inductive-Input Filter 

5BE8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

63 

9EG 

4.7 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 
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Grid Bias 

Screen Power 


Plate 

or 

Cathode 

Resistor 

Grid Plate AG Plate irans- Ampim- 

Screen Cur- Cur- Resist- conduct- cation 

Grid rent rent ance ance Factor Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts mA mA Ohms Micromhos Ohms 

Watts 




For other characteristics, refer to Type 6BZ7 


4BZ7 

125 

— IV 

80 1.5 10 100000 8000 -- 

— 

4CY5 

150 

56Q 

100 2.1 1.1 150000 515 - - 

— 

4DT6 

200 

— 2 

90 4.5 12 0.5 12500 - — - 

•- 

4EH7 

200 

— 2.5 

200 4.1 10 0.3o IdOOO - - 

— 

4EJ7 



For other characteristics, refer to Type 6 ES 8 


4ES8 



For other characteristics, refer to Type 6ES8/ECC189 


4ES8/ 

XCC189 



For other characteristics, refer to Type 6 EW 6 


4EW6 



For other characteristics, refer to Type 6 GM 6 


4GM6 



For other characteristics, refer to Type 4GS8/4BU8 


4GS8 

100 

_ 

67.5 6.0 - Grid-No. 3 volts, each section, —10 


- AG9R/ 

100 

_ 

67.5 6.0 2.0 Grid-No. 3 volts, each section, 0 


. tiriiq 

: Grid current adjusted for 100 microamperes DC 



For other characteristics, refer to Type 5GX7 


4GX7 



For other characteristics, refer to Type 6GZ5 


4GZ5 

135 

135 

— IV 

oo 

- - 11.5 - 14500 72 - 

- - 19 - 20000 80 - 

— 

4HA5:/ 

PC900 

250 

250 

— 8.5 

— 2 

10.5 7700 2200 17 

1.2 62500 1600 100 

— 

4HA7 



For other characteristics, refer to Type 4HA7 


4HA7/ 

4HC7 

150 

150 

— 1 
— 1 

18 5200 4400 23 

- - 1 53000 1900 100 - 

— 

4HC7 



For other characteristics, refer to Type 6 HM 6 


4HM6 

125 

560 

125 4 15 143000 14000 — - 

— 

4HT6 



For other characteristics, refer to Type 6 JC 6 


4JU6 



For other characteristics, refer to Type 6 KN 8 / 6 RHH 8 


4KN8/ 

4RHH8 

250 

50 

820C2 

65G 

250 2.3 9 280000 3900 - - 

250 15 40 - - - -- 

_ 

4LU6 

Max. AC Volts per Plate (RMS), 550 Max. DC Output mA, 300 Min. Total Effect. Supply 

Max. Peak Inverse Volts, 1550 Max. Peak Plate mA, 1000 Imped, per Plate, 97 ohms 

5AS4 



For other characteristics, refer to Type 6 AS 8 


5AS8 

Max. DC Output mA, 325 for AC Volts per Plate, 400 Max. Peak Inverse Volts, 1400 

and Total Effect. Supply Imped, per Plate, 50 ohms Max. Peak Plate mA per Plate, 

1075 

- 5AU4 

Max. DC Output mA, 325 for AC Volts per Plate, 500 and Input Choke 10 henries 

Max. Peak Inverse Volts, 1400 Max Peak Plate mA per Plate, 1075 


200 

— 6 V 

- — 13 5750 3300 19 - 

-- 

- FA\/Q 

200 

180Q 

150 2.8 9.5 300000 6200 -- - 

*- 

OAVO 

Max. Peak Inverse Volts, 1550 Max. Peak Plate mA per Plate, 750 


5AW4 



For ratings and characteristics, refer to Type 5Y3GT 


5AZ4 

200 

— 6 V 

-: — 13 5750 3300 19 .- 

-- 

EDO 

200 

1800 

150 2.8 9.5 300000 6200 .- -- 


Odd 


Max. AC Volts per Plate (RMS), 500 Max. DC Output mA. 150 

Max. Peak Inverse Volts, 1700 Max. Peak Plate mA per Plate, 1000 

__ Min. Total Effect. Sup pI y Imped, per Plate, 21 ohms _ 


Max. AC Volts per Plate (RMS), 600 Max. DC Output mA, 150 

Max. Peak Inverse Volts, 1700 Max. Peak Plate mA per Plate, 1000 

Min. Value of Input Choke, 10 henries 

150 560 - - 

18 

5000 

8500 40 - - 


250 680 110 3.5 

10 

400000 

5200 - - - 

" 5BE8 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


5BT8 

Twin-Diode—Sharp-Cutoff Pentode 

68 

9FE 

4.7 

0.6 

Class A Amplifier 

5BW8 

Twin-Diode— 

Sharpieutoff Pentode 

6B 

9HK 

4.7 

0.6 

Pentode Unit as Class A Amplifier 

5CL8 

Medium-Mu Triode— 

6B 

9FX 

4.7 

0.6 

Triode Unit as Class A Amplifier 

5CM8 

High-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9FZ 

4.7 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

5CQ8 

Medium-Mu Triode— 
Sharp-Cutoff-Pentode 

6B 

9GE 

4.7 

0.6 

Class A Amplifier 

5DH8 

High-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9EG 

5.2 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

5DJ4 

Full-Wave Rectifier 

19E 

8KS 

5.0 

3.0 

With Capacitive-Input Filter 

With Inductive-Input Filter 

5ES8 

5ES8/ 

YCC189 

Variable-Mu Twin-Triode 

6B 

9AJ 

-5.6 

0.45 

Each Unit as Class A Amplifier 
Cascode Type Amplifier 

5EU8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9JF 

4.7 

0.6 

Class A Amplifier 

5FV8 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

6B 

9FA 

4.7 

0.6 

Class A Amplifier 

5GJ7 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

6J 

9QA 

5.6 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit 
as Class A Amplifier 

5GX6 

Sharp-Cutoff Pentode 

5C 

7EN 

4.7 

0.6 

Class A Amplifier 

5GX7 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9QA 

5.6 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

5HA7 

Dual Triode 

8A 

12FQ 

5.6 

0.45 

Each Unit as Class A Amplifier 

5HG8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9MP 

5.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

5JK6 

Sharp-Cutoff Pentode 

5C 

7CM 

4.9 

0.45 

Class A Amplifier 

5JL6 

Semiremote-Cutoff Pentode 

5C 

7CM 

4.9 

0.45 

Class A Amplifier 

5T4 

Full-Wave Rectifier 

4 

5T 

5.0F 

2.0 

With Capacitive-Input Filter 

With Inductive-Input Filter 

5U4G 

Full-Wave Rectifier 

27B 

5T 

5.0F 

3.0 

With Capacitive-Input Filter 

5119/ 

LCF201 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

10K 

5.9 

0.45 

Class A Amplifier 

5V3 

Full-Wave Rectifier 

19E 

5T 

5.0F 

3.8 

With Capacitive-Input Filter 

With Inductive Input Filter 

5V4G 

Full-Wave Rectifier 

25 

5L 

5 

2 

With Capactive-lnput Filter 

With Inductive-Input Filter 
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Grid Bias 

Screen 

Plate AC Plate Trans- 
Cur- Resist- conduct- 

rent ance ance 

mA Ohms Micromhos 

Power 

RCA 

Type 

or 

Cathode 
Plate Resistor 

Volts 

Grid 

Screen Cur- 
Grid rent 

Volts mA 

Amplifi¬ 

cation 

Factor Load 

Ohms 

Out¬ 

put 

Watts 

200 1800 

150 2.8 

9.5 300000 6200 

- - 

— 

5BT8 


For other charateristics, refer to Type 6 BW 8 


5BW8 

125 — IV 

- - 

14 5000 8000 

40 - 

— 

5CL8 


For other characteristics, refer to 6 CM 8 



5CM8 


For other characteristics, refer to Type 6 CQ 8 


5CQ8 

250 3900 

- - 

7.3 12000 4400 

53 — 

— 

- 

125 560 

125 3.8 

13.5 150000 8600 

- - 

— 


AC Volts per Plate (RMS), 450 

Max. Peak Inverse Volts, 1700 

DC Output mA, 275 

Max Peak Plate mA, 1000 

Min. Total Effect. Supply 

Imp. per Plate, 67 ohms 

5DJ4 

AC Volts per Plate (RMS), 550 

Max. Peak Inverse Volts, 1700 

DC Output mA, 275 

Max Peak Plate mA, 1000 

Min. Value of Input 

Choke, 10 henries 


For other characteristics, refer to Type 6ES8/ECC189 


5ES8 

5ES8/ 

YCC189 


For other characteristics, refer to Type 6 EU 8 


5EU8 


For other characteristics, refer to Type 6 FV 8 A 


5FV8 

100 — 3 

- - 

15 - 9000 

20 - 

— 

5GJ7 

170 — 1.2 

120 3 

10 0.35 11000 

55 - 

— 

150 1800 

100 3 

3700 

(Grid-No. 

3.7 140000 1 t0 7 £' ate) 

(Grid-No. 

3 to Plate) 

- - 

— 

5GX6 

100 - 

125 — IV 

- - 

12.5 - 8700 

13 4700 8500 

40 - 

— 

5GX7 

120 - 

125 — IV 

90 2.8 

125 2.5 

8.5 - 13000 

8 200000 11000 

__ _ 

— 


For other characteristics, refer to Type 4HA7 


5HA7 


For other characteristics, refer to Type 6HG8 


5HG8 


For other characteristics, refer to Type 6JK6 


5JK6 

125 68ft 

60 4 

12.5 120000 15500 

•- - 

— 

5116 

Max. AC Volts per Plate (RMS), 450 
Max. Peak Inverse Volts, 1550 

Max. DC Output mA, 225 
Max. Peak Plate mA, 675 

Min. Total Effect. Supply 
Imped, per Plate, 150 ohms 

- 5T4 

Max. AC Volts per Plate (RMS), 550 
Max. Peak Inverse Volts, 1550 

Max. DC Output mA, 225 
Max. Peak Plate mH, 675 

Min. Value of Input Choke, 
10 henries 

Max. AC Volts per Plate (RMS), 450 
Max. Peak Inverse Volts, 1550 

Max. DC Output mA, 225 
Max. Peak Plate mA, 675 

Min. Total Effect. Supply 
Imped, per Plate, 170 ohms 

5U4G 


For other characteristics, refer to Type 6U9/ECF201 


Max. AC Volts per Plate (RMS), 425 Max. DC Output mA, 350 

Max. Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 1200 

Min. Total Effect. Supply Imped, per Plate, 56 ohms 

Max. AC Volts per Plate (RMS), 500 Max. DC Output mA, 350 

Max. Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 1200 

Min. Value of Input Choke, 10 henries 

Max. AC Volts per Plate (RMS), 375 " Max. DC Output mA, 175 

Max. Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 525 

__ Min. Total Effect. Supply Imped , per Plate, 100 ohms _ 

Max. AC Volts per Plate (RMS), 500 Max. DC Output mA, 175 

Max. Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 525 

_Min. Value of Input Choke, 4 henries_ 


5V3 


5V4G 
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RCA Receiving Tube Manual 


RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and 1 character¬ 
istics for indicated typical use 





Volts 

Amperes 


5V6GT 

Beam Power Tube 

13D 

7AC 

4.7 

0.6 

Class A Amplifier 

5W4 

5W4GT 

Full-Wave Rectifier 

2B 

13E 

5T 

5T 

5.0F 

1.5 

With Capacitive-Input Filter 

5X4G 

Full-Wave Rectifier 

27B 

50 

5.0F 

3.0 


5Y4G 

5Y4GA 

5Y4GT 

Full-Wave Rectifier 

25 

19E 

13E 

5Q 

5Q 

5Q 

5.0F 

2.0 


5Z3 

Full-Wave Rectifier 

27B 

4C 

5.0F 

3.0 


5Z4 

Full-Wave Rectifier 

2B 

5L 

5.0 

2.0 

With Capacitive-Input Filter 

With Inductive-Input Filter 

6A3 

Power Triode 

27B 

4D 

6.3F 

1.0 

Amplifier 

6 A6 

High-Mu Twin Power Triode 

28 

7B 

6.3 

0.8 

Amplifier 

6A7 

6A7S 

Pentagrid Converter 

24B 

24B 

7C 

6.3 

0.3 

Converter 

6A8 

6 A8G 

6 A8GT 

Pentagrid Converter 

3 

23 

14A 

8A 

8A 

8A 

6.3 

0.3 

Converter 

6AB5/ 

6N5 

Electron-Ray Tube 

22 or 
13H 

6R 

6.3 

0.15 

Visual Indicator 

6AB7 

Sharp-Cutoff Pentode 

2A 

8N 

6.3 

0.45 

Class A Amplifier 







Class B Amplifier 

6AC5GT 

High-Mu Power Triode 

13D 

6Q 

6.3 

0.4 

Dynamic-Coupled Amplifier With 
76 Driver 

6AC7 

Sharp-Cutoff Pentode 

2A 

8N 

6.3 

0.45 

Class A Amplifier 

6 AD6G 

Electron-Ray Tube 

29E 

7AG 

6.3 

0.15 

Visual Indicator 

6AD7G 

Low-Mu Triode—Power Pentode 

25 

8AY 

6.3 

0.85 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6AE5GT 

Low-Mu Triode 

13D 

80 

6.3 

0.3 

Class A Amplifier 

6 AE6G 

Twin-Plate Control Tube 

22 

7AH 

6.3 

0.15 

Remote Cutoff Triode 

Sharp-Cutoff Triode 

6AE7GT 

Twin-Input Triode 

13D 

7AX 

6.3 

0.5 

Class A Amplifier 

6AG7Y ♦ 

Power Pentode 

2B 

8Y 

6.3 

0.65 

Class A Amplifier 

6 AG11 

Twin Diode—Twin Triode 

8A 

12DA 

6.3 

0.75 

Each Triode as Class A Amplifier 

6AH4GT 

Low-Mu Triode 

13D 

8EL 

6.3 

0.75 

Vertical Deflection Amplifier 

6AH6 

Sharp-Cutoff Pentode 

5C 

7BK 

6.3 

0.45 

Class A Amplifier 

6AH9 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

8B 

12HJ 

6.3 

0.9 

Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 

6AJ8/ 

ECH81 

Triode-Heptode Converter 

9CA 

6E 

6.3 

0.3 

Triode Unit as Oscillator 
Heptode Unit as Mixer 

6AK8/ 

EABC80 

Triple Diode— 

High-Mu Triode 

6E 

9E 

6.3 

0.45 

Triode Unit as Class A Amplifier 

6AK10 

High-Mu Triple Triode 

8C 

12FE 

6.3 

0.9 

Each Unit as Class A Amplifier 

6AL3 

Half-Wave Rectifier 

7D 

9CB 

6.3 

1.55 

Television Damper Service 


♦ Industrial Type 
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Grid Bias 


Screen 


AC Plate 

Trans- 

Amplifi¬ 

Power 

RCA 

or 


Grid 

Plate 



Cathode 

Screen 

Cur¬ 

Cur¬ 

Resist¬ 

conduct¬ 

cation 


Out¬ 

Type 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



For other characteristics, refer to Type 6V6GT 5V6GT 


Max. Peak Inverse Volts, 1400 Max. DC Output mA, 100 Max. Peak Plate mA,300 


For other ratings, refer to Type 5U4G 


Max. Peak Plate mA, 375 (5Y4G) 

Max. Peak Plate mA, 400 (5Y4GA, 5Y4GT) 


For other ratings, refer to Type 5Y3G 


For other ratings, refer to Type 5U4G 

Max. AC Volts per Plate (RMS), 350 Max. DC Output mA, 125 Min. Total Effect Supply 

Max. Peak Inverse Volts, 1400 _ Max. Peak Plate mA, 375 _ Imped, per Plate, 50 ohms 

Max. AC Volts per Plate (RMS), 500 Max. DC Output mA, 125 Min. Value of Input Choke, 

Max. Peak Inverse Volts, 1400 _ Max. Peak Plate mA, 375 _ 5 henries _ 

For other characteristics, refer to Type 6B4G 


For other characteristics, refer to Type 6N7GT 


For other characteristics, refer to Type 6A8 


250 - 3V 


100 2.7 


3.5 


360000 


Anode-Grid (2): 250 max. V, 4.0 mA 
Oscillator-Grid (1) Res. Conversion 
Transcond., 550 /*mhos 


5W4 

5W4GT 

5X4G 

5Y4G 

5Y4GA 

5Y4GT 

5Z3 


5Z4 


6A3 


6 A 6 


6A7 

6A7S 

6 A8 

6 A 8 G 

6 A 8 GT 


Plate & Target Supply = 135 volts. Triode Plate Resistor = 0.25 MO Target Current = 2.0 mA 
Grid Bias, — 10.0 volts; Shadow Angle, 0°. Bias, 0 volts; Angle, 90°; Plate Current, 0.5 mA. 6AB5/ 

Plate & Target Supply = 135 volts. Triode Plate Resistor = 1.0 MO Target Current = 1.9 mA 6N5 
Grid Bias, — 15.5 volts; Shadow Angle, 0°. Bias, 0 volts; Angle, 90°; Plate Current, 0.13 mA _ 

300 — 3V 200 3.2 12.5 700000 5000 - - - 6AB7 

250 _ ov _ — — 5.0D — — — loooo s.ot 

Bias for both 6AC5GT and 76 is developed in coupling circuit GAPSCT 

250 Average Plate Current of Driver = 5.5 milliamperes 7000 3.7 DMUJU 

_ Average Plate Current of 6AC5GT = 32 milliamperes __ 

300 1600 150 2.5 10.0 1 M 9000 - - - 6AC7 


Target Voltage, 150 volts. Control-Electrode Voltage, —50 volts; Shadow Angle, 135°; Target 
_ Current, 1.2 mA Control-Electrode Voltage, 75 volts; Angle, 0°; Target Current, 3 mA _ 

250 —25V _ _ _ 3.7 19000 325 _6_ _ — 

250 —16.5V 250 6.5 34.0 80000 2500 - 7000 3.2 


6 AD 6 G 

6AD7G 


95 

—15V - 

— 

7.0 

3500 

1200 

4.2 - - 

6AE5GT 

250 

— 1.5V - 

— 

6.5 

25000 

1000 

25 - - 


250 

—35V - 

— 

0.01 

— 

— 

- - - 

- 6 AE 6 G 

250 

— 1.5V - 

— 

4.5 

35000 

950 

33 - - 

250 

— 9.5V - 

— 

0.01 

— 

— 

- - - 


250 

_13.5V - 

— 

10.0 

4650 

3000 

14 - - 

6AE7GT 


For other characteristics, refer to Type 6AG7 

6AG7Y 4 

125 

—IV - 

— 

7.5 

8500 

7800 

66 - - 

6AG11 

Max. 1 

DC Plate Volts, 500 



Max. Peak Positive-Pulse Plate Volts, 2000 

6AH4GT 

Max. 

DC Cathode mA, 60 



Max. Plate Dissipation, 7.5 watts 

300 

1600 150 

2.5 

10.0 

500000 

9000 

- - - 

6AH6 

250 

—9V - 

— 

8 

7300 

2750 

20 - - 


250 

12212 150 

6 

25 

5500 

21000 

_ _ _ 

6AH9 

50 

0 125 

32 

76 

— 

— 

*- - - 


250 

Grid Res., 47000 ohms 

4.5 


Oscillator Grid Current, 200 aiA 

6AJ8/ 

250 

—2 V — 

6.7 

3.25 

1M 

Conversion Transcond., 775 micromhos 

ECH81 

250 

—3V - 

_ 

1 

58000 

1200 

70 - - 

6AK8/ 

100 

—IV - 

— 

0.8 

54000 

1300 

70 - - 

EABC80 

200 

23012 - 

— 

10 

7500 

7000 

53 - - 

6AK10 

Max. Peak Inverse Plate Volts, 7500 (Abs.) 


Max. Plate Dissipation, 5 watts 


Max. Peak Plate mA. 550 




Max. Peak Heater-Cathode Volts. 6600 

6AL3 

Max. DC Plate mA, 220 








t For two tubes at stated plate-to-plate load. 


□ For two tubes. 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


6AL7GT 

Electron-Ray Tube 

13C 

8CH 

6.3 

0.15 

Visual Indicator 

6AM4 

High-Mu Triode 

6A 

9BX 

6.3 

0.225 

Class A Amplifier 

6 AM8 



9CY 

6.3 

6.3 

0.45 

0.45 

Diode Unit 

Diode—Sharp-Cutoff Pentode 

6B 

Pentode Unit as Class A 
Amplifier 

6AN4 

High-Mu Triode 

5B 

7DK 

6.3 

0.225 

Class A Amplifier 

6AN5+ 

Beam Power Tube 

5C 

7BD 

6.3 

0.45 

Class A Amplifier 

6 AN8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9DA 

6.3 

6.3 

0.45 

0.45 

Triode Unit as Class A Amplifier 
Pentrode Unit as Class A 
Amplifier 

6AQ5 

Beam Power Tube 

5D 

7BZ 

6.3 

6.3 

0.45 

0.45 

Single Tube Class A Amplifier 





Push-Pull Class Ai Amplifier 

6AQ6 

Twin-Diode—High-Mu Triode 

5C 

7BT 

6.3 

0.15 

Triode Unit as Class A Amplifier 

6AQ7GT 

Twin-Diode—High-Mu Triode 

13D 

8CK 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6 AQ8 

High-Mu Twin Triode 

6B 

9AJ 

6.3 

0.435 

Each Unit as Class A Amplifier 

6AR5 

Power Pentode 

5D 

6CC 

6.3 

0.4 

Class A Amplifier 

6 AR8 

Beam-Deflection Tube 

6E 

9DP 

6.3 

0.3 

Color TV Demodulator 

6AS6+ 

Dual Control RF Pentode 

5B 

7CM 

6.3 

0.175 

Class A Amplifier 

6AS7GA* Low-Mu Twin Triode 

19E 

8BD 

6.3 

2.5 

Voltage Regulator 

6AS11 

Dual Triode—Sharp-Cutoff 

8B 

12DP 

6.3 

1.05 

Dual Triode Unit as Class A 
Amplifier 

Pentode 


Pentode Unit as Class A 
Amplifier 

6 AT8 

Medium-Mu Triode 

63 

9DW 

6.3 

0.45 

Triode Unit as Class A Amplifier 

6AU4GT 

Half-Wave Rectifier 

13G 

4CG 

6.3 

1.8 

Television Damper Service 

6 AU6 

Sharp-Cutoff Pentode 

5C 

7BK 

6.3 

6.3 

0.3 

0.3 

Class A Amplifier 

6AU7 

Medium-Mu Twin Triode 

6B 

9A 

3.15 

6.3 

0.6 

0.3 

Each Unit as Class A Amplifier 

6 AU8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6E 

9DX 

6.3 

0.6 

Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
Amplifier 

6AV5GT 

Beam Power Tube 

13D 

6CK 

6.3 

1.2 

Horizontal Deflection Amplifier 

6AV11 

Medium-Mu Triple Triode 

8A 

12BY 

6.3 

0.6 

Each Unit as Class A Amplifier 

6 AW8 

High-Mu Triode—Sharp-Cutoff 
Pentode 

6E 

9DX 

6.3 

0.6 

Triode Unit as Class A Amplifier 
•• Pentode Unit as Class A 
Amplifier 

6AX4GT 

Half-Wave Rectifier 

13D 

4CG 

6.3 

1.2 

Television Damper Service 

6AX8 

Medium-Mu Triode—Semiremote 
Cutoff Pentode 

6B 

9AE 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6AY3 

Half-Wave Rectifier 

11D 

9HP 

6.3 

1.2 

Television Damper Service 

6AY11 Twin Diode—High-Mu Twin Triode 

8A 

12DA 

6.3 

0.69 

Each Triode Unit as Class A 
Amplifier 

6B4G 

Power-Triode 

27B 

5S 

6.3F 

1.0 

Class A Amplifier 

6B5 

Direct-Coupled Power Triode 

26 

6AS 

6.3 

0.8 

Class A Amplifier 

6 B6G 

Twin-Diode—High-Mu Triode 

23 

7V 

6.3 

0.3 

Triode Unit as Amplifier 


♦ Industrial type 
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Grid Bias 


Screen 





Power 



or 


Grid 

Plate 

AC Plate 

Trans- 

Amplifi- 



~ RCA 


Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 


Out- 


Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 


Target Voltage, 315 volts 



Grid Voltage for Pattern Cutoff, —7 volts approx. 


Grid Voltage — 0 volts 



Deflecting-EI ectrodes—No. 

1, No. 2 and No. 3 

6AL7GT 

Cathode Bias Res., 3300 ohms approx. 


Voltage, 0 





200 

ioon 

— 

— 

10 

8700 

9800 

85 

— 

— 

6AM4 


Max. DC Plate mA, 5 

Max. 

Peak Heater-Cathode Volts, ± 

200 



125 

560 

125 

3.2 

12.5 

— 

7800 

— 

— 

— 

6 AM 8 

200 

100Q 

— 

— 

13 

7000 

10000 

70 

— 

— 

6AN4 

120 

1200 

120 

12 

35 

12500 

8000 

— 

2500 

1.3 

6AN5 f 

150 

— 3 V 

— 

— 

15 

4500 

4700 

31 

— 

— 


125 

560 

125 

3.8 

12 

170000 

7800 

— 

— 

— 

6 AN 8 

180 

— 8.5V 

180 

3.0 

29.0 

50000 

3700 

_ 

5500 

2.0 


250 

—12.5V 

250 

4.5 

45.0 

50000 

4100 

— 

5000 

4.5 

6AQ5 

250 

—15V 

250 

5.0n 

70.0D 

60000 

— 

— 

10000 

10.01 


100 

— IV 



0.8 

61000 

1150 

70 



RAOG 

250 

— 3V 



1.0 

58000 

1200 

70 




250 

— 2V 

— 

— 

2.3 

44000 

1600 

70 

— 

— 

6AQ7GT 

250 

— 2.3 V 

— 

— 

10 

— 

5900 

57 

— 

— 

6 AQ 8 

250 

—18V 

250 

5.5 

32.0 

90000 

2300 

— 

7600 

3.4 

6AR5 

250 

3000 

250 

— 

10 

— 

4000 

— 

— 

— 

6 AR 8 

120 

—2V 

120 

3.5 

5.2 

110000 

3200 


(EC3 = OV) 

6AS6+ 



For other characteristics, refer to Type 6AS7G 



6AS7GA* 

200 

2200 

— 

— 

9.2 

4400 

4400 

41 

_ 

_ 


200 

— 2 V 

— 

— 

7 

12400 

5500 

68 

— 

— 


200 

125 

125 

5.2 

24 

70000 

10500 

— 

— 

— 

uflol 1 

125 

— IV 

— 

— 

12 

6000 

6500 

40 

— 

— 

6 AT 8 

Max. Peak Inverse Plate Volts, 4500 (Absolute) 


Max. Average Plate mA. 175 


6AU4GT 

Max. Peak Plate mA, 

1050 




Max. Plate Dissipation 6.0 watts 

100 

1500 

100 

2.1 

5.0 

500000 

3900 

_ 



6 AU 6 

250 

680 

150 

4.3 

10.6 

1 M 

5200 

— 

— 

— 

100 

OV 

— 

— 

11.8 

6250 

3500 

19.5 

_ 

__ 

6AU7 

250 

— 8.5V 

— 

— 

10.5 

7700 

2200 

17 

— 

— 

150 

1500 

— 

— 

9 

8200 

4900 

40 

— 

— 


200 

820 

125 

3.4 

15 

150000 

7000 

— 

— 

— 

“ 6 AU 8 

Max. 

DC Plate Volts, 550 



Max. 

Peak Positive-Pulse Plate Volts. 5500 (Abs.) 

C A \/CPT 

Max. DC Cathode mA, 110 



Max. 

Plate Dissipation, 11 watts 


bAVobl 

250 

—8.5 V 

— 

— 

10.5 

7700 

2200 

17 

_ 


6AV11 

100 

OV 

— 

— 

11.8 

6500 

3100 

20 

— 

— 

200 

— 2V 

— 

— 

4 

— 

4000 

70 

— 

— 

r AlA/Q 

150 

1500 

150 

3.5 

13 

200000 

9500 

— 

— 

— 

— bAWo 


6AW8A Features a plate current characteristic with a controlled knee 


Max. Peak Inverse Plate Volts, 4400 

Max. Peak Plate mA, 750 

Max. DC Plate mA, 125 


Max. Peak Heater-Cathode Volts: j _j_ 3 qq° * 

**DC component must not exceed 900 volts 

6AX4GT 

150 5600 - - 

18 

5000 8500 40 - - 


250 1200 110 3.5 

10 

400000 4800 - - - 

“ 6 AX8 

Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1100 

Max. DC Plate mA 175 


Max. Plate Dissipation, 6.5 watts 

Max. Peak Heater-Cathode Volts: 300 ° 

6AY3 

250 — 2V - - 

1.2 

52700 1900 100 - - 

6 AY 11 

250 —45V - - 

60 

800 5250 4.2 2500 3.5 

6B4G 

For other characteristics, refer to Type 6N6G 

6B5 

For other characteristics, refer to Type 6SQ7 

6 B 6 G 

t For two tubes at stated plate to plate 

load. 

□ For two 

tubes. 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

6B7 

6B7S 

Twin-Diode—Remote-Cutoff 
Pentode 

24B 

24B 

7D 

6.3 

0.3 

Pentode Unit as Amplifier 

6B8 

Twin-Diode—Semiremote-Cutoff 
Pentode 

3 

8E 

6.3 

0.3 

Pentode Unit as Amplifier 

6 B8G 

Twin Diode—Semiremote-Cutoff 
Pentode 

23 

8E 

6.3 

0.3 

Pentode Unit as Class A 
Amplifier 

6BA3 

Half-Wave Vacuum Rectifier 

30B 

9HP 

6.3 

1.2 

Television Damper Service 

6BC5 

Sharp-Cutoff Pentode 

5C 

7BD 

6.3 

0.3 

Class A Amplifier 

6BC7 

Triple Diode 

SB 

9AX 

6.3 

0.45 

Each Unit—Half-Wave Rectifier 

★6BD4 

Sharp-Cutoff Beam Triode 

21C 

8FU 

6.3 

0.6 

Voltage-Control 

★6BD4A 

Sharp-Cutoff Beam Triode 

21C 

8FU 

6.3 

0.6 

Voltage-Control 

6BD6 

Remote-Cutoff Pentode 

5C 

7BK 

6.3 

0.3 

Class A Amplifier 

6BD11 

Dual Triode— 
Sharp-Cutoff Pentode 

8B 

12DP 

6.3 

1.05 

Triode No. 1 as Class A Amplifier 
Triode No. 2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 

6BF5 

Beam Power Tube 

5D 

7BZ 

6.3 

1.2 

Class A Amplifier 

6BF6 

Twin-Diode—Medium-Mu Triode 

5C 

7BT 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6BG6G 

6 BG6GA 

Beam Power Tube 

28B 

21B 

5BT 

5BT 

6.3 

0.9 

Horizontal Deflection Amplifier 

6BH3 

6BH3A 

Half-Wave Rectifier 

11D 

9HP 

6.3 

1.6 

Television Damper Service 

6BH8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6E 

9DX 

6.3 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

6BJ3 

Half-Wave Rectifier 

8C 

12BL 

6.3 

1.2 

Television Damper Service 

6 BJ6A 

Remote-Cutoff Pentode 

5C 

7CM 

6.3 

0.15 

Class A Amplifier 

6BJ7 

Triple Diode 

6B 

9AX 

6.3 

0.45 

Each Unit—Half-Wave Rectifier 

6BK4 

★6BK4A 

Beam Triode 

21B 

8GC 

6.3 

0.2 

Voltage-Control 

★6BK4B 

Beam Triode 

21B 

8GC 

6.3 

0.2 

Shunt Voltage Regulator 

6BK5 

Beam Power Tube 

6E 

9BG 

6.3 

1.2 

Class A Amplifier 

6BK7A 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

6.3 

0.45 

0.45 

Each Unit as Class A Amplifier 

6BL4 

Half-Wave Rectifier 

13F 

8GB 

6.3 

3.0 

Television Damper Service 

6BL7GT 

Medium-Mu Twin Triode 

13D 

8BD 

6.3 

1.5 

Vertical Deflection Amplifier 

6 BL8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9DC 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6BN4 

Medium-Mu Triode 

5C 

7EG 

6.3 

0.2 

Class A Amplifier 

6 BN6 

Beam Tube 

SD 

7DF 

6.3 

0.3 

Limiter and Discriminator 

6 BQ6GT 

Beam Power Tube 

14D 

6AM 

6.3 

1.2 

Horizontal Deflection Amplifier 

6BQ7 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.4 

Each Unit as Class A Amplifier 

rnno Medium-Mu Triode—Sharp-Cutoff 
bbK *> Pentode 

6B 

9FA 

6.3 

6.3 

0.45 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 


★ See Safety Precautions at end of this section. 
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Grid Bias Screen 


Power 


or Grid 

Cathode Screen Cur- 

Plate Resistor Grid rent 

Plate 

Cur¬ 

rent 

AC Plate Trans- Amplifi- 

Resist- conduct- cation 

ance ance Factor Load 

Out¬ 

put 

RCA 

Type 

Volts Volts mA 

mA 

Ohms Micromhos Ohms 

Watts 


Input Triode: Plate Volts, 300 max; Grid Volts, 0; Plate mA, 8; AF Signal Volts (Peak), 21 

Output Triode: Plate Volts, 300 max.; Plate mA, 45; Plate Res., 24000 ohms; Load Resistance, 

7000 ohms; Power Output, 4 watts 

6B7 

6B7S 

For other characteristics, refer to Type 12C8 


6B8 

250 — 3V 125 2.3 

9 

600000 1125 - - 

— 

6 B8G 

Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1000 

Max. DC Plate mA, 165 


Max. Peak Heater-Cathode Volts ^ 4 . 300 ° 

** DC Component must not exceed 900 Volts 

6BA3 

For other characteristics, refer to Type 6BC5/6CE5 


6BC5 

Max. Peak Inverse Plate Volts, 330 
Max. Peak Plate mA, 54 


Max. DC Output mA, 12 

Min. Total Effect. Plate Supply Impedance, 56012 

6BC7 

Max. DC Plate Volts, 20000 

Max. Unregulated DC Supply Volts, 40000 

Max. DC Plate mA, 1.5 

Max. Plate Dissipation, 20.0 

watts 

6BD4 

Max. DC Plate Volts. 27000 

Max. Unregulated DC Supply Volts, 55000 

Max. DC Plate mA, 1.5 

Max. Plate Dissipation, 25.0 watts 

6BD4A 

250 — 3V 100 3.0 

9.0 

800000 2000 - - 

— 

6B06 

200 — 2V - - 

7 

12400 5500 68 -— 

— 


200 22012 - 

9.2 

9400 4400 41 — 

— 

6BD11 

135 10012 135 4 

17 

45000 10400 - - 

—— 


110 — 7.5 V 110 4.0 

36.0 

12000 7500 - 2500 

1.9 

6BF5 

250 — 9V - - 

9.5 

Q i- nr) 1Qnn 1R Power Output, 

8500 1900 16 300 milliwatts 

6BF6 

Max. DC Plate Volts, 700 

Max. DC Cathode mA, 110 

Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 
Max. Plate Dissipation, 20 watts 


6BG6G 

6 BG6GA 

Max. Peak Inverse Plate Volts, 5500 
Max. Peak Plate mA, 1100 

Max. DC Plate mA, 180 


Max. Plate Dissipation, 6.5 watts 

Max. Peak Heater-Cathode Volts: 300 ° 

6BH3 

6BH3A 

150 — 5V - - 

9.5 

5150 3300 17 - 

— 

- RRHft 

200 82 12 125 3.4 

15 

150000 7000 - - 

— 

UDIIO 

Max. Peak Inverse Plate Volts, 3300 
Max. Peak Plate mA, 840 

Max. DC Plate mA, 140 


Max. Peak Heater-Cathode Volts {l^loo* 0 
** DC component must not exceed 600 volts 


6BJ3 

100 —IV 100 3.5 

9 

250000 3650 - — 

— 

6 BJ6A 

Max. Peak Inverse Plate Volts, 330 
Max. Peak Plate mA, 10 


Max. DC Output mA, 1 

Max. Peak Heater-Cathode Volts, +100, 

-330 

6BJ7 

Max. DC Plate Volts, 27000 Max. DC Plate mA, 1.6 

Max. Unregulated DC Supply Volts, 60000 Max. Plate Dissipation, 25 Watts (6BK4) 

Max. Plate Dissipation, 30 Watts (6BK4A) 

6BK4 

6BK4A 

Max. DC Plate Volts, 27000 

Max. Unregulated DC Supply Volts, 60000 

Max. Average Plate mA, 1.6 

Max. Plate Dissipation, 40 Watts 

6BK4B 

250 — 5V 250 3.5 

35 

100000 8500 - 6500 

3.5 

6BK5 

150 560 - - 

18 

Afinn q^nn 41 Grid-No. 1 Volts 

4600 930U 43 for Cutoff, -11 

6BK7A 

Max. Peak Inverse Plate Volts, 4500 (Abs.) 

Max. Peak Plate mA, 1200 

Max. DC Plate mA, 200 

Max. Peak Heater-Cathode Volts { ^gjj 0 
*DC component not to exceed —900 volts 

* (Abs.) 

6BL4 

Max. DC Plate Volts, 500 

Max. DC Cathode mA. (Each Unit), 60 


Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 
Max. Plate Dissipation (Each Unit), 10 watts 

6BL7GT 

100 — 2V - | - 

14 

- 5000 20 - 

— 

- RRIfl 

170 — 2V 170 2.8 

10 

400000 6200 - - 

— 

ODLO 

150 2200 - - 

9 

6300 6800 43 - 

— 

6BN4 

For other characteristcis, refer to Type 6BN6/6KS6 


6 BN6 

Max. DC Plate Volts, 550 

Max. DC Cathode mA, 110 


Max. Peak Positive-Pulse Plate Volts, 5500 (Abs.) 
Max. Plate Dissipation, 11 watts 

6 BQ6GT 

150 2200 - - 

9.0 

5800 6000 35 

6BQ7 

125 — IV - - 

13.5 

7500 - 40 - 

— 


125 — IV 110 3.5 

9.5 

200000 5000 - - 

— 

■ 6BR8 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


6BS3 

Half-Wave Rectifier 

11D 

9HP 

6.3 

1.2 

Television Damper Service 

6 BS8 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.4 

Each Unit as Class A Amplifier 

6BV8 

Twin Diode—Medium-Mu Triode 

6B 

9FJ 

6.3 

0.6 

Triode Unit as Class A AmDlifier 

6BW4 

Full-Wave Rectifier 

6E 

9DJ 

6.3 

0.9 

With Capacitive Input Filter 

With Inductive Input Filter 







6BW8 

Twin Diode— 
Sharp-Cutoff Pentode 

6B 

9HK 

6.3 

0.45 

Pentode Unit as Class A Amplifier 

6BX7GT 

Medium-Mu Twin Triode 

13D 

8BD 

6.3 

1.5 

Vertical Deflection Oscillator 

Vertical Deflection Amplifier 

6BY5GA 

Full-Wave Rectifier 

18B 

6CN 

6.3 

1.6 

Television Damper Service 

6BY11 

Beam Power Tube— 
Sharp-Cutoff Pentode 

8C 

12EZ 

6.3 

1.2 

Beam Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

6BZ7 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.4 

Each Unit as Class A Amplifier 

6 BZ8 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.4 

Each Unit as Class A Amplifier 

6C5 

6C5GT 

Medium-Mu Triode 

2A 

14A 

6Q 

6Q 

6.3 

0.3 

Class A Amplifier 

6C6 

Sharp-Cutoff Pentode 

24A 

6F 

6.3 

0.3 

Amplifier Detector 

6C7 

Twin-Diode—Medium-Mu Triode 

24B 

7G 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6 C8G 

Medium-Mu Twin-Triode 

23 

8G 

6.3 

0.3 

Each Unit as Class A Amplifier 

6C10 

High-Mu Triple Triode 

8A 

12BQ 

6.3 

0.6 

Each Unit as Class A Amplifier 

6CA7 

Power Pentode 


8ET 

6.3 

1.5 

Class A Amplifier 
Push-Pull Class AB, Amplifier 

6CB5 

Beam Power Tube 

28A 

8GD 

6.3 

2.5 

Horizontal Deflection Amplifier 

6 CB6 

Sharp-Cutoff Pentode 

5C 

7CM 

6.3 

0.3 

Class A Amplifier 

6 CD6G 

Beam Power Tube 

28B 

5BT 

6.3 

2.5 

Horizontal Deflection Amplifier 

6CE3 

Half-Wave Vacuum Rectifier 

8G 

12GK 

6.3 

2.5 

Television Damper Service 

6CE5 

Sharp-Cutoff Pentode 

5C 

7BD 

6.3 

0.3 

Class A Amplifier 

6 CF6 

Sharp-Cutoff Pentode 

5C 

7CM 

6.3 

0.3 

Class A Amplifier 

6CG3/ 

6CD3 

Half-Wave Rectifier 

8F 

12FX 

6.3 

1.8 

Television Damper Service 

6 CG8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9GF 

6.3 

6.3 

0.45 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6CH8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9FT 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6CK3 

Half-Wave Vacuum Rectifier 

30B 

9HP 

6.3 

1.2 

Television Damper Service 

6CK4 

Low-Mu Triode 

13F 

8JB 

6.3 

1.25 

Vertical Deflection Amplifier 

6 CL8 

Medium-Mu Triode—Sharp-Cutoff 
Tetrode 

6B 

9FX 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Tetrode Unit as Class A 
Amplifier 
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Grid Bias 

Screen 


AC Plate 

Trans- 


Power 

RCA 


or 

Grid 

Plate 

Amplifi- 


Out- 


Cathode Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 


Type 

Plate 

Resistor Grid 

rent 

rent 

ance 

ance 

Factor Load 


put 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 


Watts 


Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1100 

Max. DC Plate mA, 200 


Max. Plate Dissipation, 6 watts , 

Max. Peak Heater-Cathode Volts: j 

- 5000 

14- 300 

6BS3 

150 

2200 — 

-- 

10 

5000 

7200 

36 -- 


— 

6 BS8 

200 

3300 

— 

11 

5900 

5600 

33 - 


— 

6BV8 


Max. AC Volts per Plate (RMS), 325 Max. DC Output mA, 62.5 

Max. Peak Inverse Volts, 1275 Max. Peak Plate mA, per Plate, 350 

_ Total Effect. Supply Imped, per Plate, 82 ohms _ 


Max. AC Volts per Plate (RMS), 450 Max. DC Output mA, 62.5 

Max. Peak Inverse Volts, 1275 Max. Peak Plate mA per Plate, 350 

_ Min. Value of Input Choke, 10 henries _ 


250 

6817 110 

3.5 

10 

250000 

5200 - _ 

— 

6BW8 

Max. DC Plate Volts, 500 Max. DC Cathode mA, 180 

Max. Plate Dissipation: 10 watts either plate,- 12 watts both plates 

6BX7GT 

Max. DC Plate Volts, 500 

Max. DC Cath. mA, 180 

Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 

Max. Plate Dissipation: 10 watts either plate; 12 watts both plates 

Max. Peak Inverse Plate Volts, 3000 (Abs.) 

Max. Peak Plate mA, 525 

Max. DC Plate mA, 175 

Max. Peak Heater-Cathode Volts: | _j_iqq 


6BY5GA 

170 

82Q 140 

3.9 

74 

33000 

4900 - 2500 

4 

6BY11 

150 

18017 100 

3.4 

2.8 

110000 

2500 (grid no. 1 to plate) 

' 150 

2200 

— 

10 

5300 

6800 36 - 

— 

6BZ7 

' 125 

1000 - 

— 

10 

5600 

8000 45 - 

— 

6BZ8 

250 

- 8V - 

— 

8.0 

10000 

2000 20 - 

— 

6C5 

6C5GT 


For other characteristics, refer to Type 6J7 


6C6 

250 

— 9V - 

— 

4.5 

16000 

1250 20 - 

— 

607 

250 

— 4.5V 

— 

3.2 

22500 

1600 36 -- 

— 

6C8G 

250 

—2V - 

— 

1.2 

62500 

1600 100 - 

— 

6010 

100 

—IV - 

— 

0.5 

80000 

1250 100 - 

— 

265 

-13.5V 250 

15 

100 

15000 

11000 - 2000 

11 

• 6CA7 

450 

2320 450 

20 

120 

— 

- - 6500 

40 

Max. DC Plate Volts, 700 

Max. DC Cathode mA, 200 



Max. Peak Positive-Pulse Plate Volts, 6800 (Abs.) 
Max. Plate Dissipation, 23 Watts 

6CB5 

125 

560 125 

3.7 

13 

280000 

8000 - - 

— 

6 CB 6 

Max. DC Plate Volts, 700 

Max. DC Cathode mA, 200 



Max. Peak Positive-Pulse Plate Volts, 7000 
Max. Plate Dissipation, 20 watts 


6 CD 6 G 


For other characteristics, refer to Type 6CE3/6CD3/6DT3 


6CE3 

125 

— IV 125 

2.3 

11 

300000 

7600 - - 

— 

6CE5 

125 

560 125 

3.7 

12.5 

300000 

7800 -- - 

— 

6 CF 6 

Max. Peak Inverse Plate Volts, 5000 Max. DC Plate mA, 350 Max. Peak Heater Cathode Volts: [4-300 

Max. Peak Plate mA, 2100 Max. Plate Dissipation, 6.5 watts 1—5000 

6CG3/ 

6CD3 

100 

— IV - 

— 

12 

6000 

6500 40 - 

— 

■ 6 CG 8 

250 

— IV 125 

2.2 

9 

300000 

5500 - - 

— 

200 

— 6V - 

— 

13 

5750 

3300 19 - 

— 


200 

1800 150 

2.8 

9.5 

300000 

6200 - - 

— 

6CH8 


Max. Peak Inverse Plate Volts, 5200 
Max. Peak Plate mA, 1200 

Max. DC Plate mA, 250 


Max. Peak Heater-Cathode Volts 

** DC component must not exceed 900 volts 


6CK3 

Max. DC Plate Volts, 550 

Max. Peak Cathode mA, 350 



Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 
Max. Plate Dissipation, 12 watts 

60K4 

125 

— IV - 

— 

14 

5000 

8000 40 - 

— 


125 

— IV 125 

4 

12 

120000 

6000 - - 

_ 

6 CL 8 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


6CM6 

Beam Power Tube 

6E 

9CK 

6.3 

0.45 

Class A Amplifier 

6CM8 

High-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9FZ 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6CQ4 

Half-Wave Rectifier 

13G 

4CG 

6.3 

1.6 

Television Damper Service 

6 CR6 

Diode-Remote-Cutoff Pentode 

5C 

7EA 

6.3 

0.3 

Pentode Unit as 

Class A Amplifier 

6CT3 

Half-Wave Rectifier 

6H 

9RX 

6.3 

1.2 

Television Damper Service 

6CU8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9GM 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

6CW5 

Power Pentode 

6G 

9CV 

6.3 

0.76 

Vertical-Deflection Amplifier 

6D4 4 

Gas Triode 

5C 

5AY 

6.3 

0.25 

Thyratron 

6 D6 

Remote-Cutoff Pentode 

24A 

6F 

6.3 

0.3 

Amplifier Mixer 

6D7 

Sharp-Cutoff Pentode 

24A 

7H 

6.3 

0.3 

Amplifier Detector 

6 D8G 

Pentagrid Converter 

23 

8A 

6.3 

0.15 

Converter 

6D10 

High-Mu Triple Triode 

BA 

12BQ 

6.3 

0.45 

Each Unit as Class A Amplifier 

6DA4 

Half-Wave Rectifier 

13D 

4CG 

6.3 

1.2 

Television Damper Service 

6DB5 

Beam Power Tube 

6F 

9GR 

6.3 

1.2 

Class A Amplifier 

6 DC8 

Twin Diode—Remote-Cutoff 
Pentode 

6E 

9HE 

6.3 

0.3 

Class A Amplifier 

6 DC8/ 

EBF89 

Twin Diode-Semiremote 
Cutoff Pentode 

6E 

9HE 

6.3 

0.3 

Pentode Unit as 

Class A Amplifier 

6DE4 

Half-Wave Vacuum Rectifier 

13G 

4CG 

6.3 

1.6 

Television Damper Service * 

6DL4/ 

EC88 

High-Mu Triode 

6M 

9NY 

6.3 

0.165 

Class A Amplifier 

6DL5 

6DL5/ 

EL95 

Power Pentode 

5E 

7DQ 

6.3 

0.2 

Class A Amplifier 

6DM4 

6DM4A 

Half-Wave Rectifier 

13G 

4CG 

6.3 

1.2 

Damper Service 

6DN6 

Beam Power Tube 

21B 

5BT 

6.3 

2.5 

Horizontal Deflection Amplifier 

6DQ4 

Half-Wave Rectifier 

13F 

4CG 

6.3 

1.2 

Damper Service 

6 DQ6A 

6 DQ6B 

Beam Power Tube 

20 

6AM 

6.3 

1.2 

Horizontal Deflection Amplifier 

6 DT6 

Sharp-Cutoff Pentode 

5C 

7EN 

6.3 

0.3 

Class A Amplifier 

6DW4 

Half-Wave Rectifier 

11D 

9HP 

6.3 

1.2 

Television Damper Service 

6DW4A 

Half-Wave Rectifier 

11D 

9HP 

6.3 

1.2 

Television Damper Service 

6DW5 

Beam Power Tube 

6G 

9CK 

6.3 

1.2 

Vertical Deflection Amplifier 

6 DX8 

High-Mu Triode— 
Sharp-Cutoff Pentode 

6E 

9HX 

6.3 

0.72 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 


♦ Industrial type 
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Grid Bias 

Screen 

Power 


Plate 

or 

Cathode 

Resistor 

Grid 

Screen Cur- 
Grid rent 

Plate 

Cur¬ 

rent 

AC Plate Trans- Ampiifi- 

Resist- conduct- cation 

ance ance Factor Load 

| Out¬ 
put 

RCA 

Type 

Volts 


Volts mA 

mA 

Ohms Micromhos Ohms 

Watts 


250 

250 

—12.5V 

—12.5V 

*250 4.5 

49.5 

45 

1960 5000 9.8 (Triode Connected) 

50000 4100 - 5000 8 

6CM6 

250 

— 2V 

- - 

1.8 

50000 2000 100 - 

— 


250 

1800 

150 2.8 

9.5 

600000 6200 - - 

— 

6CM8 

Max. Peak Inverse Plate Volts, 5500 1 
Max. Peak Plate mA, 1200 1 

Max. DC Plate mA, 190 Max. Peak Heater f+300 

Max. Plate Dissipation, 6.5 watts Cathode Volts: 1—5500 

6CQ4 

250 

—2V 

100 2.6 

9.6 

800000 2200 - - 

— 

6 CR6 


Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1200 

Max. Average Plate mA, 250 

Max. Plate Dissipaation, 6.5 Watts 

Max. Peak Heater-Cathode Volts: {^qq 0 

6CT3 

125 

—1 

- - 

17 

4100 5800 24 - 

— 

RCllfl 

125 

56fi 

125 3.8 

12 

170000 7800 - - 

—— 


Max. 
Max. 1 

DC Plate Volts, 275 

DC Cathode mA, 110 


Max. Peak Positive-Pulse Plate Volts, 2200 

Max. Plate Dissipation, 12 watts 

6CW5 

450 

Tube Voltage drop at 

25 mA = 16 Volts 

25 

Peak Anode Current = 100 mA 


604* 



For other characteristics, refer to Type 6U7G 


6 D6 



For other characteristics, refer to Type 6J7 


6D7 

250 

— 3V 

100 2.7 

3.5 

Anode-Grid (2): 250 max. volts, 4 mA 
360000 Oscillator-Grid (1) Resistor. Conversion 
Transcond., 550 micromhos. 

6 D8G 

125 

—IV 

•- - 

4.2 

13600 4200 57 - 

— 

6010 

Max. Peak Inverse Plate Volts, 4400 Max. DC Plate mA 155 Max. Peak Heater 

Max. Peak Plate mA, 900 Max. Plate Dissipation, 5.5 watts Cathode Volts: 

f+300 

1-4400 

6DA4 

200 

180G 

125 2.2 

46 

28000 8000 - 4000 

3.8 

6DB5 

250 

— 2V 

100 2.7 

9 

1 m 3800 - - 

— 

6 DC8 

200 

—1.5V 

100 3.3 

11 

600000 4500 - - 

-- 

6 DC8/ 

EBF89 



For other characteristics, refer to Type 6DE4/6CQ4 


6DE4 

160 

10012 

- — 

12.5 

- 13500 65 - 

— 

6DL4/ 

EC88 

200 

250 

2300 

3200 

200 4.2 

250 4.5 

23 

24 

- - - 8000 

- - - 10000 

2.3 

3 

6DL5 

6015/ 

EL95 

Max. 

Max. 

Max. 

Peak Inverse Plate Volts, 5000 Max. Peak Plate mA, 1100 Max. DC Plate mA, 17! 

Peak Heater—Cathode Volts, —5000 (DC Component Not to Exceed 900 Volts) 

Peak Heater—Cathode Volts, -f300 (DC Component Not to Exceed 100 Volts) 

5 

6DM4 

6DM4A 

Max. 

Max. 

DC Plate Volts, 700 

DC Cathode mA, 200 


Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 
Max. Plate Dissipation, 15 watts 

6 DN6 

Max. 

Max. 

Peak Inverse Volts, 5500 

Peak Plate mA, 1000 


Max. DC Plate mA, 175 

Max. Plate Dissipation, 6 watts 

6DQ4 

Max. 

Max. 

Max. 

DC Plate Volts, 770 

DC Cathode mA, 155 (6DQ6A) 
DC Cathode mA, 175 (6DQ6B) 


Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
Max. Plate Dissipation, 18 watts 

6 DQ6A 

6 DQ6B 

150 

V 5600 

100 2.1 

1.1 

150000 515 - - 

— 

6 DT6 

Max. 

Max. 

Max. 

Peak Inverse Plate Volts, 5000 
Peak Plate mA, 1300 

DC Plate mA, 250 


Max. Plate Dissipation, 8.5 

Max. Peak Heater-Cathode Volts: {+ 300 ° 

6DW4 


Max. Peak Inverse Plate Volts, 5500 
Max. Peak Plate mA, 1300 

Max. Average Plate mA, 250 

Max. Plate Dissipation, 8.5 Watts 

Max. Peak Heater-Cathode Volts: {^ 300 ° 

6DW4A 

Max. 

Max. 

DC Plate Volts, 330 

DC Cathode mA, 65 


Max. Peak Positive-Pulse Plate Volts, 2200 
Max. Plate Dissipation, 11 watts 

6DW5 

200 

170 

— 1.7V 

— 2.1V 

170 3 

3 

18 

- 4000 65 - 

100000 11000 - - 

— 

- finxR 

200 

220 

— 2.9 V 

— 3.4V 

200 3 

220 3 

18 

18 

130000 10400 - - 

150000 10000 - - 

_ 

Du AO 
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RCA Receiving Tube Manual 


RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

6DZ7 

Twin Power Pentode 

19B 

8JP 

6.3 

1.52 

Class A Amplifier 

Both Units as Push-Pull 

Class ABi Amplifier 

6 E6 

Twin Power Amplifier 

26 

7B 

6.3 

0.6 

Push-Pull Class A Amplifier 

6E7 

Remote-Cutoff Pentode 

24A 

7H 

6.3 

0.3 

Amplifier 

6EA4 

High-Mu Triode 

16D 

12FA 

6.3 

0.2 

Shunt Voltage Regulator 

6EA5 

Sharp-Cutoff Tetrode 

5C 

7EW 

6.3 

0.2 

Class A Amplifier 

6EA7 

Dual Triode 

13B 

8BD 

6.3 

1.05 

Vertical Deflection Oscillator 
Vertical Deflection Amplifier 

6EC4A/ 

EY500 

Half-Wave Vacuum Rectifier 

35C 

6EC4 

6.3 

2.1 

Television Damper Service 

6EH4 

Beam Triode 

16E 

12FA 

6.3 

0.2 

Shunt Regulator 

6EH7 

Semiremote-Cutoff Pentode 

6C 

9AQ 

6.3 

0.3 

Class A Amplifier 

6EH8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9JG 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

★6EJ4A 

Beam Triode 

16G 

12HC 

6.3 

0.2 

Voltage Control 

6EJ7 

Sharp-Cutoff Pentode 

6C 

9AQ 

6.3 

0.3 

Class A Amplifier 

6EL4 

6EL4A 

Beam Triode 

21D 

BMW 

6.3 

0.2 

Shunt Voltage Regulator 

6 EM 7 

Dual Triode 

13A 

8BD 

6.3 

0.925 

Class A Amplifier 

6EQ7 

Diode—Remote-Cutoff Pentode 

6E 

9LQ 

6.3 

0.3 

Pentode Unit as Class A Amplifier 

6ES5 

High-Mu Triode 

5C 

7FP 

6.3 

0.2 

Class A Amplifier 

6 ES8 

Variable-Mu Twin Triode 

6B 

9AJ 

6.3 

0.365 

Each Unit as Class A Amplifier 
Cascode-Type Amplifier 

6ET7 

Twin Diode— 
Sharp-Cutoff Pentode 

6E 

9LT 

6.3 

0.75 

Pentode Unit as Class A Amplifier 

6EU8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9JF 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

6EV7 

High-Mu Twin Triode 

6E 

9LP 

6.3 

0.6 

Relay Control 

6 EX6 

Beam Power Tube 

21B 

5BT 

6.3 

2.25 

Horizontal Deflection Amplifier 

6 EY6 

Beam Power Tube 

13F 

7AC 

6.3 

0.68 

Vertical Deflection Amplifier 

6EZ5 

Beam Power Tube 

13F 

7AC 

6.3 

0.8 

Vertical Deflection Amplifier 

6EZ8 

high-Mu Triple Triode 

6B 

9KA 

6.3 

0.45 

Each Unit as Class A Amplifier 

6F4* 

Triode 

acorn 

7BR 

6.3 

0.225 

AF, RF Amplifier 
and Oscillator 

6F5 

6F5GT 

High-Mu Triode 

3 

14A 

5M 

5M 

6.3 

0.3 

Class A Amplifier 

6F6 

6 F6G 

6F6GT 

Power Pentode 

2B 

25 

13F 

7S 

7S 

7S 

6.3 

0.7 

Pentode Class A Amplifier 

Trioden Class A Amplifier 
Pentode Push-Pull Class A 
Amplifier 

6F7 

Low-Mu Triode—Remote-Cutoff 
Pentode 

24B 

7E 

6.3 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6F8G 

Medium-Mu Twin Triode 

23 

8G 

6.3 

0.6 

Each Unit as Class A Amplifier 

6FA7 

Diode—Sharp-Cutoff, 
Twin-Plate Tetrode 

6E 

9MR 

6.3 

0.3 

Tetrode Unit as Class A Amplifier 

6FE5 

Beam Power Tube 

13G 

8KB 

6.3 

1.2 

Class A Amplifier 


♦ Industrial type ★ See Safety Precautions at end of this section. 
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Grid Bias 


Screen 

Plate 

AC Plate 

Trans- 

Power 

RCA 


or 


Grid 

Amphti- 



Cathode 

Screen Cur- 

Cur- 

Resist- 

conduct- 

cation 

Out- 


Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor Load 

put 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 


250 

— 7.3V 

250 

5.5 

48 

38000 

11300 

- - 

— 

6DZ7 

400 

—11V 

250 

13 

100 

_ 

_ 

- 9000 

18 

300 

1200 

250 

15 

80 

— 

— 

- 9000 

12 


250 

—27.5V 

— 

— 

— 

— 

— 

- 14000 

1.60t 

6E6 



For other characteristics, refer to Type 6U7G 


6E7 

Max. DC Plate Volts. 27000 



Max. Plate Dissipation, 30 watts 


6EA4 

Max. Unregulated DC Plate Supply Volts, 60000 

Max. DC Plate mA, 1.6 


250 

— iv 

140 

0.95 

10 

150000 

8000 

- -. 

— 

6EA5 

250 

— 3 

— 

--- 

2 

30000 

2200 

66 - 

— 

6EA7 

175 

—25 

— 

-- 

40 

920 

6000 

5.5 - 

— 


Max. Peak Inverse Plate Volts, 5600 

Max. Peak Plate mA, 800 

Max. DC Plate mA, 440 

Max. Plate Dissipation, 11 watts 

Max. Peak Heater-Cathode Volts, —6300 

6EC4A/ 

EY500 

Max. Plate Volts, 27000 

Max. DC Grid Volts, -135 

Max. Peak Grid Volts, —440 
Max. DC Plate mA, 1.6 

Max. Plate Dissipation, 30 watts 

6EH4 

200 

- 2V 

90 

4.5 

12 

500000 

12500 

- - 

— 

6EH7 

125 

— IV 

— 

— 

13.5 

— 

7500 

40 

— 

6EH8 

125 

— IV 

125 

4 

12 

170000 

6000 

- - 

— 


Max. DC Plate Volts. 27000 



Max. DC Plate mA, 1.5 


6EJ4A 


Typical Unregulated DC Supply Volts, 36000 


Max. Plate Dissipation, 40 watts 


200 

— 2.5V 

200 

4.1 

10 

350000 

15000 

- - 

— 

6EJ7 




For other characteristics, refer to Type 6LJ6 


6EL4 

6EL4A 



For other characteristics 

, refer to Type 6EM7/6EA7 


6EM7 

100 

0 

100 

3.5 

9 

250000 

3800 

(Rg = 2.2 megohms bypassed) 

6EQ7 

200 

—1 

— 

— 

10 

8000 

9000 

75 - 

— 

6ES5 

90 

— 1.2V 

— 

— 

15 

2500 

12500 

- - 

— 

6ES8 

180 

— 

-- 

— 

15 

— 

12500 

- - 

-- 

200 

100ft 

150 

5.5 

25 

60000 

11500 

_ _ 

_ 

6ET7 

60 

ov 

150 

18 

55 

(Instantaneous plate knee characteristics) 

150 

56 ft 

_ 

_ 

18 

5000 

8500 

40 - 

_ 

6EU8 

125 

—IV 

125 

4 

12 

80000 

6400 

- - 

— 

250 

OV 

__ 

_ 

18.5 

Grid Volts for Plate M 100 - —9 2500-ohm 

6EV7 

150 

OV 

— 

— 

10.0 

Grid Volts for Plate /*A 100 = —5 relay 

175 

—30V 

175 

3.3 

67 

8500 

7700 

- - 

— 

6EX6 

250 

—17.5V 

250 

3 

44 

60000 

4400 

- - 

— 

6EY6 

250 

-20V 

250 

3.5 

43 

50000 

4100 

- - 

— 

6EZ5 

125 

—1 

— 

— 

4.2 

13600 

4200 

57 - 

— 

6EZ8 

80 

150ft 

— 

— 

13 

2900 

5800 

17 - 

— 

6F4^ 

100 

— IV 



0.4 

85000 

1150 

100 


6F5 

250 

— 2V 



0.9 

66000 

1500 

iOO 


6F5GT 

250 

—16.5V 

250 

6.5 

34.0 

80000 

2500 

7000 

3.2 

6F6 

6 F 6 G 

6F6GT 

285 

—20V 

285 

7.0 

38.0 

78000 

2550 

- 7000 

4.8 

250 

—20V 

— 

— 

31.0 

2600 

2600 

6.8 4000 

0.85 

315 

—24V 

285 

12.0a 

62.0a 

— 

— 

- 10000 

ll.Ot 

100 

— 3V 

— 

— 

3.5 

16000 

500 

8 - 

— 

6F7 










250 

— 3V 

100 

1.5 

6.5 

850000 

1100 

- - 

— 



For other characteristics, refer to Type 6J5 



6F8G 

100 

0 

100 

3 

2.2 

130000 

1900(With 2.2 megohm No.l grid resistor) 

6FA7 

Use either plate with unused plate grounded 





145 

-16V 

145 

18 

100 

8000 

9500 

- 1000 

5.6 

6FE5 


t For two tubes at stated plate-to-plate load. D For two tubes. 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


6FG6/ 

EM84 


Refer to type EM84/6FG6 


6FJ7 

Medium-Mu Dual Triode 

8B 

12BM 

6.3 

0.9 

Unit No. 1 as Class A Amplifier 
Unit No. 2 as Class A Amplifier 

6FM8 

Twin Diode— 

High-Mu Triode 

6B 

9KR 

6.3 

0.45 

Triode Unit as Class A Amplifier 

6FQ5A 

High-Mu Triode 

5C 

7FP 

6.3 

0.18 

Class A Amplifier 

6FQ7 

Medium-Mu Twin Triode 

6E 

9LP 

6.3 

0.6 

Each Unit as Class A Amplifier 

6FV6 

Sharp-Cutoff Tetrode 

5C 

7FQ 

6.3 

0.2 

Class A Amplifier 

6 FV8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9FA 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6 FV8A 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

6B 

9FA 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit 
as Class A Amplifier 

6FW5 

Beam Power Tube 

19B 

6CK 

6.3 

1.2 

Horizontal Deflection Amplifier 

6 FW8 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.4 

Each Unit as Class A Amplifier 

6FY5/ 

EC97 

High-Mu Triode 

5C 

7FP 

6.3 

0.2 

Class A Amplifier 

6 G6G 

Power Pentode 

22 

7S 

6.3 

0.15 

Pentode Class A Amplifier 

6G11 

Beam Power Tube—Sharp-Cutoff 

8B 

12BU 

6.3 

1.2 

Beam Power Unit as Class A 
Amplifier 

Pentode 


Pentode Unit as Class A 
Amplifier 

6GB5 

Beam Power Tube 

10E 

9NH 

6.3 

1.38 

Horizontal Deflection Amplifier 

6GF5 

Beam Power Tube 

8D 

12BJ 

6.3 

1.2 

Horizontal Deflection Amplifier 

6GF7 

Dual Triode 

11A 

9QD 

6.3 

0.985 

Vertical Deflection Oscillator 
Vertical Deflection Amplifier 

6 GH8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9AE 

6.3 

0.45 

Triode Unit as Horiz. Defl. Osc. 
Pentode Unit as 

Horiz. Defl. Osc. 

6GJ5 

Novar Beam Power Tube 

18A 

9QK 

6.3 

1.2 

Horizontal Deflection Amplifier 

6GJ7 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

61 

9QA 

6.3 

0.41 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6 GJ8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9AE 

6.3 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6GL7 

Dual-Triode 

13B 

8BD 

6.3 

1.05 

Unit 1 as Class A Amplifier 

Unit 2 as Class A Amplifier 

6GM5 

Power Pentode 

10D 

9MQ 

6.3 

0.8 

Class A Amplifier 

6GQ7 

Triple Diode 

6B 

9QM 

6.3 

0.45 

Each Unit as Half-Wave Rectifier 

6GT5 

Beam Power Tube 

17B 

9NZ 

6.3 

1.2 

Horizontal Deflection Amplifier 

w 

Beam Hexode 

5C 

7GA 

6.3 

0.22 

Class A Amplifier 

6 GV8 

High-Mu Triode— 

Power Pentode 

6G 

9LY 

6.3 

0.9 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6 GW6 

Beam Power Tube 

20A 

6AM 

6.3 

1.2 

Horizontal Deflection Amplifier 

6 GX6 

Sharp-Cutoff Pentode 

5C 

7EN 

6.3 

0.45 

Class A Amplifier 
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Grid Bias 


Screen 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Trans- 

conduct¬ 

ance 

Power 


RCA 

Type 

or 

Cathode 

Plate Resistor 

Screen 

Grid 

Grid 

Cur¬ 

rent 

Amplifi¬ 

cation 

Factor Load 


Out¬ 

put 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 


Watts 


6FG6/ 

EM84 

250 —8 

250 —9.5 

— 

— 

8 

41 

8000 

2000 

2500 

7700 

22.5 - 

15.4 - 


— 

6FJ7 

250 —3 

— 

— 

1 

58000 

1200 

70 - 


— 

6FM8 

135 — 1.2 

— 

— 

8.9 

6300 

12000 

74 


— 

6FQ5A 

250 — 8 V 

— 

— 

9 

7700 

2600 

20 - 


— 

6FQ7 

125 —1 

80 

1.5 

10 

100000 

8000 

- - 


— 

6FV6 

125 — IV 

— 

— 

14 

5000 

8000 

40 


— 

6 FV8 

125 — IV 

125 

4 

12 

200000 

6500 

- - 


— 

125 — 1 

— 

— 

12 

5600 

8000 

45 - 


— 

6 FV8A 

125 — 1 

125 

4 

12 

20000 

6500 

- - 


— 

Max. DC Plate Volts, 770 
Max. DC Cathode mA, 610 



Max. Peak Positive-Pulse Plate Volts, 6500 
Max. Plate Dissipation, 18 watts 



6FW5 

100 1.2V 

— 

— 

15 

2500 

13000 

33 - 


— 

6 FW8 

135 —IV 

— 

— 

11 

— 

13000 

70 - 


•- 

6FY5/ 

EC97 

180 — 9V 

180 

2.5 

15.0 

175000 

2300 

10000 


1.1 

6 G6G 

120 — 8 V 

110 

4 

49 

10000 

7500 

- 2500 


2.3 

6G11 

150 1500 

150 

3.5 

15 

20000 

9500 

- - 


— 

Max. DC Plate Volts, 275 

Max. DC Cathode mA, 275 



Max. Peak Positive-Pulse Plate Volts, 7700 
Max. Plate Dissipation, 17 watts 


6GB5 

Max. DC Plate Volts, 770 

Max. DC Cathode mA, 160 



Max. Peak Positive-Pulse Plate Volts, 5000 
Max. Plate Dissipation, 9 watts 


6GF5 

Max. DC Plate Volts, 330 

Max. DC Cathode mA, 22 



Max. Plate Dissipation, 1.5 watts 



CPC7 

Max. DC Plate Volts, 330 

Max. DC Cathode mA, 50 



Max. Peak Positive-Pulse, Plate Volts, 1500 (Abs.) 
Max. Plate Dissipation, 11 watts 

- obr/ 

Max. DC Plate Volts, 330 



Max. Plate Dissipation, 2.5 watts 




Max. DC Plate Volts, 350 

Max. Peak Neg.-Pulse Grid Volts, 175 

Max. Peak Cathode mA, 300 Max. Plate 

Max. DC Cathode mA, 20 Dissipation, 2.5 watts 

■ 6GH8 

250 —22.5V 

150 

2.1 

70 

15000 

7100 

- - 


— 

6GJ5 

100 — 3V 

— 

— 

15 

— 

9000 

20 - 


— 

' 6GJ7 

170 — 1.2V 

120 

3 

10 

350000 

11000 

Ampl. Factor, 55 
(Grid No. 2 to Grid No. 1) 

125 — IV 

— 

— 

13.5 

5000 

8500 

40 - 


— 


125 — IV 

125 

4.5 

12 

150000 

7500 

- - 


— 

- 6 GJ8 

250 —3V 

175 —25V 

— 

— 

2 

46 

30000 

780 

2200 

6400 

66 -- 

5 - 


— 

6GL7 

300 —10V 

300 

8 

60 

29000 

10200 

- 3000 


11 

1GM5“ 

Max. Peak Inverse Volts, 330 
Max. RMS Plate Volts, 117 
Max. Peak Plate mA, 54 



Max. DC Average mA, 9 

Min. Total Effective Plate 
Supply Impedance, 300 ohms 



6GQ7 

Max. DC Plate Volts, 770 

Max. DC Cathode mA, 175 

Max. Plate Dissipation, 17.5 watts 


Max. Peak Neg.-Pulse Grid-No. 1 Volts, — 
Max. Grid-No. 2 Volts, 220 

Max. Peak Positive-Pulse Plate Volts, 6500 

330 

6GT5 

135 —0.4V 

— 

— 

9 

67000 

15000 

- - 


— 

6GU5 

100 — 0.8V 

— 

— 

5 

7600 

6500 

50 - 


_ 


170 —15 

170 

2.7 

41 

25000 

7500 

- - 


— 

‘ 6GV8 

250 —22.5V 

150 

2.1 

70 

15000 

7100 

- - 


-- 

6 GW6 

150 im 

100 

3 

3.7 

140000 

3700 

(Grid No. 1 to plate) 

6 GX6 
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Use 

RCA 



Terminal 



Values to right give operat- 


Name 

Out- 

Dia- 

Heater or 

ing conditions and character- 

Type 


line 

gram 

Filament (F) 

istics for indicated typical use 





Volts 

Amperes 








Unit No. 1 as 

6GY8 

High-Mu Triple Triode 

6B 

9MB 

6.3 

0.45 

Class A Amplifier 

Units No. 2 and No. 3 as 







Class A Amplifier 

6GZ5 

Power Pentode 

5C 

7CV 

6.3 

0.38 

Class A Amplifier 

6H8 


29B 

13D 

7Q 

7Q 



Voltage Doubler 

6H6GT 

Twin Diode 

6.3 

0.3 

Half-Wave Rectifier 

6HB6 







6HB6/ 

Power Pentode 

6G 

9NW 

6.3 

0.76 

Vertical Deflection Amplifier 

6HA6 








Medium-Mu Triode— 
Sharp-Cutoff Pentode 





Triode Unit as Class A Amplifier 

6HD7 

63 

9QA 

6.3 

0.45 

Pentode Unit as Class A 
Amplifier 

6HG5 

Beam Power Tube 

5D 

7BZ 

6.3 

0.45 

Class A Amplifier 


Medium-Mu Triode— 
Sharp-Cutoff Pentode 





Triode Unit as Class A Amplifier 

6HG8 

6B 

9MP 

6.3 

0.34 

Pentode Unit as Class A 
Amplifier 

6HJ5 

Beam Power Tube 

15C 

12FL 

6.3 

2.25 

Horizontal Deflection Amplifier 

6HJ8 

Diode—Sharp-Cutoff Pentode 

6B 

9CY 

6.3 

0.45 

Pentode Unit as Class A Amplifier 

6HK5 

High-Mu Triode 

5C 

7GM 

6.3 

0.19 

Class A Amplifier 

6HM6 

Sharp-Cutoff Pentode 

6B 

9PM 

6.3 

0.3 

Class A Amplifier 

6HR5 

Beam Power Tube 

5D 

7BZ 

6.3 

0.45 

Vertical-Deflection Amplifier 

6HR6 

Semiremote-Cutoff Pentode 

5C 

7BK 

6.3 

0.45 

Class A Amplifier 

6HU6/ 

EM87 

Electron-Ray Tube 

6N 

9GA 

6.3 

0.3 

Tuning Indicator 

6HU8/ 

ELL80 

Twin Pentode 

6G 

9NJ 

6.3 

0.55 

Power Amplifier 

6HV5 

Beam Triode 

15E 

T2GY 

6.3 

1.8 

Class A Amplifier 

6HZ5/ 

6JD5 

Beam Triode 

15F 

12GY 

6.3 

2.4 

High Voltage Pulse Regulator 


High-Mu Triode— 
Sharp-Cutoff Pentode 





Triode Unit as Class A Amplifier 

6HZ8 

IDG 

9DX 

6.3 

1.125 

Pentode Unit 
as Class A Amplifier 

6J4* 

6J4WA> 

Triode 

5C 

7BQ 

6.3 

0.4 

UHF Amplifier 

6J5 

6J5GT 

Medium-Mu Triode 

2A 

13D 

60 

60 

6.3 

0.3 

Class A Amplifier 

6J6 




6.3 

6.3 

0.45 

0.45 

Each Unit as Class A Amplifier 

6J6WA 4 

6!6WB # 

Medium-Mu Twin Triode 

5C 

7BF 

Push-Pull Class C Amplifier 

6J7 


3 

7R 




6J7G 

Sharp-Cutoff Pentode 

23 

7R 

6.3 

0.3 

Pentode Class A RF Amplifier 

6J7GT 

14A 

7R 



6J8G 

Triode-Heptode Converter 

23 

8H 

6.3 

0.3 

Triode Unit as Oscillator 







Heptode Unit as Mixer 

6J9 

High-Mu Triple Triode 

6B 

10G 

6.3 

0.45 

Each Unit as Class A Amplifier 

6J10 

Pentode-Beam Power Tube 

8B 

12BT 

6.3 

0.95 

Pentode Units as 

Class A Amplifier 

6J11 

Sharp-Cutoff Twin Pentode 

8A 

12BW 

6.3 

0.8 

Each Unit as 

Class A Amplifier 


♦ Industrial type 





CHARACTERISTICS CHART 
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Grid Bias 


Screen 

Plate 

AC Plate 

Trans- 

Amplifi- 

Power 



or 


Grid 



RCA 


Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 


Out- 


Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 


125 

22012 



4.5 

14000 

4500 

63 


_ 

6GY8 

125 

—IV 

-- 

— 

4.5 

14000 

4500 

63 

— 

— 

250 

270Q 

250 

2.7 

16 

_ 

— 

— 

15000 

1.8 

6GZ5 

250 

2700 

(bypassed) 

250 

2.7 

16 

150000 

8400 

— 

15000 

1.1 


Max. AC Supply Volts 

per Plate (RMS), 

117 


Max. 

DC Output mA, 8. min. 


6H6 

Min. Total Effect. Plate-Supply Imped. 

per Plate: half-wave, 30 ohms; 

full wave, 

15 ohms 


Max. AC Plate Volts (RMS), 150 



Min. Total Effective Plate-Supply 

Impedance: up 

' 6H6GT 

Max. 

DC Output mA, 8 per Plate 


to 117 volts, 15 ohms; at 150 volts, 40 ohms 



250 

33Q 

125 

4.2 

40 

28000 

24000 




6HB6 

250 

1000 

250 

6.2 

40 

24000 

20000 

33 

— 

— 

6HB6/ 











6HA6 

100 

—OV 

— 

— 

14 

4880 

8200 

40 

— 

-- 

• 6HD7 

125 

—IV 

125 

3.5 

12 

— 

7000 

— 

— 

— 

250 

—12.5V 

250 

4.5 

45 

52000 

4100 

_ 

5000 

4.5 

6HG5 

180 

—8.5V 

180 

3 

29 

58000 

3700 

— 

5500 

2 

100 

— 3V 

-- 

— 

14 

— 

5500 

17 

— 

— 












" brlbo 

170 

— 1.2V 

150 

3.3 

10 

350000 

12000 

— 

— 

— 


135 

—22 

135 

5.5 

80 

5000 

10000 

4.2 

— 

— 

6HJ5 

125 

5612 

125 

3.6 

11.5 

200000 

9300 

— 

— 

— 

6HJ8 

135 

—IV 

— 

— 

12.5 

5000 

15000 

75 

— 

— 

6HK5 

125 

5612 

125 

3.2 

13 

156000 

15000 

— 

— 

-. 

6HM6 

260 

—19V 

270 

2.3 

30 

— 

3600 

_ 

_ 

_ 

6HR5 

50 

OV 

250 

25 

105 

— 

— 

— 

— 

— 

200 

6812 

115 

4.3 

13.2 

500000 

8500 

— 

— 

— 

6HR6 

Triode Plate and Fluorescent-Target Volts = 
Triode Grid-Supply Volts = —10 to +15 

250 

Shadow Section 

= 0 to 0.83 inch 

6HU6/ 

EM87 

250 

16012 

250 

4.5 

24 

80000 

6000 

— 

10000 

3 

6HU8/ 

ELL80 



For other characteristics, refer to Type 6HS5 



6HV5 


Max. Pulse Plate Volts, 5500 



Max. Plate Dissipation, 35 watts 


6HZ5/ 


Max. Peak Plate mA, 325 



Max. Peak Heater-Cathode Volts, +200, — 

■450 

6JD5 

200 

— 

— 

— 

3.5 

— 

4000 

70 

— 

— 


250 

100 

170 

6 

29 

140000 

12600 

— 

— 

— 

■ 6HZ8 

150 

10012 

— 

— 

15 

4500 

12000 

55 

— 

— 

6J4 4 

6J4WA* 

90 

OV 

_ 

_ 

10 

6700 

3000 

20 

_ 

_ 

6J5 

250 

— 8V 

— 

— 

9 

7700 

2600 

20 

— 

— 

6J5GT 

100 

500 (For both units) 

8.5 

7100 

5300 

38 

— 

— 

6J6 

150 

—10V 



30 

Grid Current, 16 mA 


3.5 

6J6WA 4 



Driving Power, 0.35 watt 


6J6WB^ 

100 

- 3V 

100 

0.5 

2.0 

1 M 

1185 




6J7 

6J7G 

6J7GT 

250 

— 3 V 

100 

0.5 

2.0 

1 M 

1225 

— 

— 

— 

100 

Triode-Grid Resistor, 


4 

_ 

_ 

_ 




250 

50000 ohms 


5 

— 

— 

— 

— 

— 

6J8G 

250 

— 3V 

100 

2.8 

1.4 

1.5 M 

Conversion Transcond., 290 micromhos 


125 

—IV 

— 

— 

6 

11000 

5200 

57 

_ 

— 

6J9 

250 

—8V 

250 

2.5 

35 

100000 

6500 

— 

5000 

4.2 

6110 

125 

5612 

125 

3.8 

11 

200000 

13000 

— 

— 

— 

6J11 
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Use 

RCA 



Terminal 



Values to right give operat- 


Name 

Out- 

Dia- 

Heater or 

ing conditions and character- 

Type 


line 

gram 

Filament (F) 

istics for indicated typical use 





Volts 

Amperes 


GJA5 

Beam Power Tube 

15D 

12EY 

6.3 

1.0 

Vertical Deflection Amplifier 

6JB6 

Beam Power Tube 

18A 

9QL 

6.3 

1.2 

Horizontal Deflection Amplifier 

6JC6 

Sharp-Cutoff Pentode 

6B 

9PM 

6.3 

0.3 

Class A Amplifier 

6JE6 

Beam Power Tube 

32 D 

9QL 

6.3 

2.5 

Horizontal Deflection Amplifier 

6JE6A 

Beam Power Tube 

32B 

9QL 

6.3 

2.5 

Horizontal Deflection Amplifier 

6JE8 

High-Mu Triode 
Sharp-Cutoff Pentode 

6E 

9DX 

6.3 

0.78 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

6JG6 

Beam Power Tube 

17B 

9QU 

6.3 

1.6 

Horizontal Deflection Amplifier 

6JK6 

Sharp-Cutoff Pentode 

5C 

7CM 

6.3 

0.35 

Class A Amplifier 

6JK8 

Dual Triode 

6B 

9AJ 

6.3 

0.4 

Unit No. 1 as Oscillator 
Unit No. 2 as RF Amplifier 

6JM6 

Beam Power Tube 

39A 

12FJ 

6.3 

1.2 

Horizontal Deflection Amplifier 

6JS6 

Beam Power Tube 

168 

12FY 

6.3 

2.25 

Horizontal Deflection Amplifier 

6JS6A 

Beam Power Tube 

16B 

12FY 

6.3 

2.25 

Horizontal Deflection Amplifier 

6JT6 

Beam Power Tube 

17C 

9QU 

6.3 

1.2 

Horizontal Deflection Amplifier 

6JU8 

Quadruple Diode 

6E 

9PQ 

6.3 

0.6 

Phase Detector 

6JZ6 

Beam Power Tube 

39A 

12GD 

6.3 

1.5 

Horizontal Deflection Amplifier 

6K5GT 

High-Mu Triode 

14A 

SU 

6.3 

0.3 

Class A Amplifier 

6K7 


3 

7R 




6K7G 

Remote-Cutoff Pentode 

23 

7R 

6.3 

0.3 

Class A Amplifier 

6K7GT 


14A 

7R 



6K8 


3 

8K 



Triode Unit as Oscillator 

6K8G 

6K8GT 

Triode-Hexode Converter 

23 

8K 

8K 

6.3 

0.3 

Hexode Unit as Mixer 

6K11 

6K11/ 
6Q11 

Twin High-Mu Triode— 
Medium-Mu Triode 

8A 

12BY 

6.3 

0.6 

Twin Unit as Class A Amplifier 
Class A Amplifier 

6KL8 

Diode—Sharp-Cutoff Pentode 

6E 

9LQ 

6.3 

0.3 

Pentode Unit as Class A 
Amplifier 

6KN8/ 

6RHH8 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.4 

Each Triode as Class A Amplifier 

6KU8 

Twin Diode— 

Siia* p-Cutoff Pentode 

10A 

9LT 

6.3 

0.725 

Pentode Unit as 

Class A Amplifier 

6KV6 

Beam Power Tube 

31D 

9QU 

6.3 

1.6 

High-Voltage-Pulse 

Shunt Regulator 

6KY6 

Sharp-Cutoff Pentode 

6E 

9GK 

6.3 

0.52 

Class A Amplifier 

6KY8 

High-Mu Triode 

11C 

9QT 

6.3 

1.1 

Triode Unit as Oscillator 

Beam Power Tube 

Beam Power Unit as Amplifier 






6L5G 

Medium-Mu Triode 

22 

6Q 

6.3 

0.15 

Class A Amplifier 

6L6G 

6L6GB 






Single-Tube Class A Amplifier 

Beam Power Tube 

27B 

1SD 

7AC 

7AC 

6.3 

0.9 

Push-Pull Class A Amplifier 







Push-Pull Class ABi Amplifier 

6L7 

6L7G 

Pentagrid Mixer 

3 

23 

7T 

7T 

6.3 

0.3 

Mixer Service 



CHARACTERISTICS CHART 


ooo 


Grid Bias 


Screen 


Power 

RCA 

or 


Grid 

Plate 

AC Plate Trans- Amputi- 

Out- 

Cathode 

Screen Cur- 

Cur- 

Resist- conduct- cation 

Type 

Plate Resistor 

Grid 

rent 

rent 

ance ance Factor Load 

put 

Volts 

Volts 

mA 

mA 

Ohms Micromhos Ohms 

Watts 


135 —10V 

125 

4.2 

95 

42000 10300 - - 

— 

6JA5 

45 OV 

125 

20 

210 

Instantaneous Plate Knee characteristic 

Max. DC Plate Volts, 770 



Max. Peak Neg.-Pulse Grid-No. 1 Volts, — 330 

6JB6 

Max. Peak Cathode mA. 550 



Max. Grid-No. 2 Volts, 220 


Max. Plate Dissipation, 17.5 watts 


Max. Peak Positive-Pulse Plate Volts. 6500 


125 560 

125 

3.2 

13 

0.18 15000 - •- 

— 

6JC6 


For other characteristics, refer to Type 6JE6A 


6JE6 

175 —25 

125 

2.8 

130 

5800 9600 3 - 

— 

6JE6A 

200 —2V 

— 

— 

4.5 

- 4200 70 — 

— 


250 82 

170 

4 

22 

140000 12000 - — 

— 

6JE8 

60 OV 

170 

12 

48 

Instantaneous Plate Knee characteristic 



For other characteristics, refer to Type 6JG6A 


6JG6 

125 68tt 

125 

3.9 

11.5 

150000 18000 - — 

— 

6JK6 

100 —IV 

_ 

_ 

5.3 

8000 6800 55 - 

— 

6JK8 

135 -1.2V 

— 

— 

10 

5400 13000 70 - 

— 



For other ratings, refer to Type 6JB6 


6JM6 

175 —25V 

125 

4.5 

125 

5600 11300 3 


6JS6 

175 -25 

125 

4.5 

125 

5600 11300 3 - 

— 

6JS6A 



For other ratings, refer to Type 6JB6 


6JT6 

Max. Peak Inverse Plate Volts, 300 


Max. DC Output mA, 9 


6JU8 

Max. Peak Plate mA, 54 



Max. Peak Heater-Cathode Volts, ±: 

300 

130 —20V 

130 

1.8 

46 

9900 9000 


6JZ6 

50 OV 

130 

29 

450 

Instantaneous Plate Knee characteristic 

250 — 3V 

— 

— 

1.1 

50000 1400 70 - 

— 

6K5GT 







6K7 

250 - 3V 

125 

2.6 

10.5 

600000 1650 - - 

— 

6K7G 







6K7GT 

100 Grid Res., 

50000 ohms 

3.8 

Triode-Grid & Hexode-Grid Current, 0.15 mA 

6K8 

100 — 3V 

100 

6.2 

2.3 

400000 Conversion Transcond., 325 micromhos 

6K8G 

250 — 3V 

100 

6.0 

2.5 

600000 Conversion Transcond., 350 micromhos 

6K8GT 

250 — 2V 

_ 

_ 

1.2 

62500 1600 100 - 

_ 

6K11 

6K11/ 

BQ11 

250 — 8.5V 

— 

— 

10.5 

7700 2200 17 - 

— 

100 0 

100 

2.2 

5.5 

cccnnn /nnn Grid-No. 1 Volts for plate cur- 

555UUU 43UU rent Qf 10 ^ 4 2 

6KL8 

110 —IV 

— 

— 

16 

2800 16000 45 - 

— 

6KN8/ 

6RHH8 



For other characteristics, refer to Type 10KU8 


6KU8 



For other characteristics, refer to Type 6KV6A 


6KV6 

200 —18V 

135 

5.2 

30 

40000 30000 - - 

— 

6KY6 

Max. DC Plate Volts, 330 
Max. DC Cathode mA, 22 



Max. Plate Dissipation, 1.5 watts 


- 6KY8 

Max. DC Plate Volts, 300 



Max. Peak Positive-Pulse Plate Volts. 2200 (Abs.) 

Max. DC Cathode mA, 60 



Max. Plate Dissipation, 12 watts 



250 — 9V 

— 

— 

8.0 

9000 1900 17 - 

— 

6L5G 

250 —14V 

250 

5.0 

72.0 

- - - 2500 

6.5 


250 1680 

250 

5.4 

75.0 

- - - 2500 

6.5 

6L6G 

270 —17.5V 

270 

li.oa 

134.00 

- - - 5000 

17.5t 

270 1240 □ 

270 

li.oa 

134.0a 

- - - 5000 

18.5t 

. 6L6GB 

360 —22.5V 

270 

5.on 

88.0a 

- - - 6600 

26.5t 

360 2480 □ 

270 

5.On 

88.00 

- - - 9000 

24.5t 






Oscillator-Grid (No. 3) Bias, —15 volts 


6L7 

6L7G 

250 — 6V 

150 

9.2 

2.3 

Grid-No. 3 Peak Swing, 16 volts minimum 





Conversion Transcond., 350 micromhos 



t For two tubes at stated plate-to-plate load. □ For two tubes. 
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Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


6LB8 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

10A 

9DX 

6.3 

0.725 

Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 

6LH6A 

Beam Triode 

21D 

8ML 

6.3 

0.2 

Shunt Voltage Regulator 

6LJ6 

Beam Triode 

21D 

8MQ 

6.3 

0.2 

Shunt Voltage Regulator 

6LQ6/ 

6JE6B 

Beam Power Tube 

32C 

9QL 

6.3 

2.5 

Horizontal Deflection Amplifier 

6LZ6 

Beam Power Tube 

32C 

9QL 

6.3 

2.3 

Horizontal Deflection Amplifier 

★6MA6 

Beam Triode 

21D 

8NP 

£.3 

0.2 

Shunt Voltage Regulator 

6MK8 

Sharp-Cutoff Pentode 

6E 

9FG 

6.3 

0.3 

Class A Amplifier 

6 MLS 

Medium-Mu Triple 

Triode 

6B 

9RQ 

6.3 

0.675 

Class A Amplifier 

6N6G 

Direct-Coupled Power Triode 

25 

7AU 

6.3 

0.8 

Class A Amplifier 

6N7 

6N7GT 

Medium-Mu Twin Power Triode 

2B 

13D 

8B 

8B 

6.3 

0.8 

Class A Amplifier (as Driver) 




Class B Amplifier 

6P5GT 

Medium-Mu Triode 

13D 

6Q 

6.3 

0.3 

Amplifier Detector 

6P7G 

Low-Mu Triode—Remote-Cutoff 
Pentode 

23 

7U 

6.3 

0.3 

Amplifier and Converter 

6Q7 

6Q7G 

6Q7GT 

Twin Diode High-Mu Triode 

3 

23 

14A 

7V 

7V 

7V 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6Q11 

Twin High-Mu Triode— 
Medium-Mu Triode 

8A 

12BY 

6.3 

0.6 

Twin Unit as Class A Amplifier 
Class A Amplifier 

6R7 

6R7G 

6R7GT 

Twin Diode—Medium-Mu Triode 

3 

23 

14A 

7V 

7V 

7V 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6RP22 

Power Pentode 

6E 

9BV 

6.3 

0.65 

Class A Amplifier 

6S4 

Medium-Mu Triode 

8E 

9AC 

6.3 

6.3 

0.6 

0.6 

Vertical Deflection Amplifier 

6S7 

6S7G 

Remote-Cutoff Pentode 

3 

23 

7R 

7R 

6.3 

0.15 

Class A Amplifier 

6S8GT 

Triple Diode—High-Mu Triode 

14C 

8CB 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6SA7 

6SA7GT 

Pentagrid Converter 

2A 

13D 

8R 

8AD 

6.3 

0.3 

Converter 

6SB7Y 

Pentagrid Converter 

2A 

8R 

6.3 

0.3 

Mixer 

6SC7 

High-Mu Twin Triode 

2A 

8S 

6.3 

0.3 

Each Unit as Amplifier 

6SF5 

6SF5GT 

High-Mu Triode 

2A 

13D 

6AB 

BAB 

6.3 

0.3 

Class A Amplifier 

6SF7 

Diode—Remote-Cutoff Pentode 

2A 

7AZ 

6.3 

0.3 

Pentode Unit as Class A 
Amplifier 

6SG7 

Semiremote-Cutoff Pentode 

2A 

8BK 

6.3 

0.3 

Class A Amplifier 

6SH7 

Sharp-Cutoff Pentode 

2A 

8BK 

6.3 

0.3 

Class A Amplifier 

6SJ7 

6SJ7GT 

Sharp-Cutoff Pentode 

2A 

13D 

8N 

8N 

6.3 

0.3 

Class A Amplifier 

6SK7 

6SK7GT 

Remote-Cutoff Pentode 

2A 

13D 

8N 

8N 

6.3 

0.3 

Class A Amplifier 

6SN7GT 

6SN7 

GTA 

Medium-Mu Twin Triode 

13D 

13D 

8BD 

6.3 

6.3 

0.6 

0.6 

Each Unit as Class A Amplifier 

Each Unit as Vertical Amplifier 



CHARACTERISTICS CHART 


ooo 


Plate 

Volts 

Grid Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC Plate 
Resist¬ 
ance 

Ohms 

Trans- 

conduct¬ 

ance 

Micromhos 

Amplifi¬ 

cation 

Factor 

Power 

Load 

Ohms 

Out¬ 

put 

Watts 

RCA 

Type 

125 

68G 

— 

— 

13 

6000 

5000 

30 

— 

— 


200 

8212 

100 

3.5 

17 

5000 

20000 


—,— 

— 

6LB8 

50 

0 V 

100 

18 

55 

Instantaneous 

Plate Knee 

characteristic 





For other characteristics, refer to Type 6LJ6 



6LH6A 


Max. 

Plate Volts, 27000 


Max. Average 

Plate mA, 1.6 


6LJ6 

Max. Unregulated Plate Supply Volts, 60000 

Max. 

Plate Dissipation, 40 Watts 

175 

-35 

145 

2.4 

95 

7000 

7500 

2.8 

— 

— 

6LQ6/ 

6JE6B 


For other characteristics, refer to Type 31LZ6 6LZ6 


Max. Plate Volts, 30000 


Max. Average Plate mA, 1.5 
Max. Plate Dissipation, 40 Watts 


For other characteristics, refer to Type 6MK8A 


125 

—IV 

— 

— 

11 

6400 

6700 

43 

-- - 

6ML8 

Output Triode: Plate Volts, 300; 

Plate mA, 45; 

Load, 7000 ohms 


4.0 

6N6G 

Triode: Plate Volts, 300; Grid Volts, 0; 

Input Plate mA, 8 



250 

— 5V 



6.0 

11300 

3100 

35 

20000 exceeds 

6N7 

300 

— 6V 



7.0 

11000 

3200 

35 

or more 0.4 


300 

OV 

Power Output for 1 tube at stated plate-to-plate load 

8000 10.0 

ON/bl 

250 

‘ —13.5 

— 

— 

5.0 

9500 

— 

13.8 

- - 

6P5GT 



For other characteristics, refer to Type 6F7 



6P7G 

100 

- IV 



0.8 

58000 

1200 

70 


6Q7 

6Q7G 

250 

- 3V 



1.1 

58000 

1200 

70 











6Q7GT 

250 

— 2V 

— 

— 

1.2 

62500 

1600 

100 

- - 

cm i 

150 

OV 

— 

— 

22 

7000 

2500 

18 

- - 











6R7 

250 

— 9V 

— 

— 

9.5 

8500 

1900 

16 

- - 

6R7G 










6R7GT 

250 

—3V 

150 

8.5 

22 

55000 

8500 

— 

- - 

6RP22 

Max. DC Plate Volts, 550 



Max. 

Peak Positive-Pulse Plate Volts, 2200 

6S4 

Max. 

DC Cathode 

mA, 30 



Max. 

Plate Dissipation, 8.5 watts 

250 

- 3V 

100 

2.0 

8.5 

1 M 

1750 

— 

- - 

6S7 

6S7G 

250 

— 2V 

— 

— 

0.9 

91000 

1100 

100 

- - 

6S8GT 

250 

Self- 

100 

8.5 

3.5 

1.0 

Grid-No. 

1 Resistor, 20000 ohms. 

6SA7 

Excited 

Conversion Transcond., 450 micromhos 

6SA7GT 

100 

— IV 

100 

10.2 

3.6 

500000 

Grid-No. 1 Resistor, 20000 ohms. 
Conversion Transcond., 950 micromhos 

6SB7Y 

250 

— 2V 

— 

— 

2.0 

53000 

1325 

70 

- - 

6SC7 

250 

— 2 V 

— 

— 

0.9 

66000 

1500 

100 

- - 

6SF5 

6SF5GT 

100 

— IV 

100 

3.4 

12.0 

200000 

1975 



6SF7 

250 

— IV 

100 

3.3 

12.4 

700000 

2050 

' 


100 

— IV 

100 

3.2 

8.2 

250000 

4100 

_ 

_ _ 

6SG7 

250 

— 2.5V 

150 

3.4 

9.2 

1 M 

4000 

— 

- - 

100 

— IV 

100 

2.1 

5.3 

350000 

4000 



6SH7 

250 

— IV 

150 

4.1 

10.8 

900000 

4900 



100 

— 3V 

100 

0.9 

2.9 

700000 

1575 



6SJ7 

250 

— 3V 

100 

0.8 

3.0 

1 M 

1650 



6SJ7GT 

100 

— IV 

100 

4.0 

13.0 

120000 

2350 



6SK7 

250 

— 3V 

100 

2.6 

9.2 

800000 

2000 



6SK7GT 

100 

OV 

_ 

_ 

10.0 

6700 

3000 

20 

_ _ 

6SN7GT 

— CQM7 

250 

— 8V 

— 

— 

9.0 

7700 

2600 

20 

- - 

Max. 

DC Plate Volts, 450 

Max. 

Plate Dissipation 

: 5 watts either plate; 

; 7.5 watts both plates 

Don/ 

GTA 

Max. Peak Cathode mA, 70 

Max. 

Peak Positive Pulse Plate Volts, 1500 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


6SQ7 

6SQ7GT 

Twin-Diode—High-Mu Triode 

2A 

13D 

80 

80 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6SR7 

Twin Diode—Medium-Mu Triode 

2A 

8Q 

6.3 

0.3 

Triode Unit as Class A Amplifier 

6SS7 

Remote-Cutoff Pentode 

2A 

8N 

6.3 

0.15 

Class A Amplifier 

6ST7 

Twin Diode—Medium-Mu Triode 

2A 

80 

6.3 

0.15 

Triode Unit as Amplifier 

6SZ7 

Twin Diode—High-Mu Triode 

2A 

80 

6.3 

0.15 

Triode Unit as Class A Amplifier 

6T4 

Medium-Mu Triode 

5D 

7DK 

6.3 

0.225 

Oscillator in UHF TV Receivers 

Class A Amplifier 

6T7G 

Twin Diode—High-Mu Triode 

22 

7V 

6.3 

0.15 

Triode Unit as Class A Amplifier 

6T8 

Triple Diode—High-Mu Triode 

6B 

9E 

6.3 

6.3 

0.45 

0.45 

Triode Unit as Class A Amplifier 

6T9 

High-Mu Triode— 

Power Pentode 

8B 

12FM 

6.3 

0.93 

Triode Unit as 

Class A Amplifier 

Pentode Unit as 

Class A Amplifier 

6U5 

Electron-Ray Tube 

13H 

6R 

6.3 

0.3 

Visual Indicator 

6U7G 

Remote-Cutoff Pentode 

28J 

7R 

6.3 

0.3 

Class A Amplifier 

6U8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9AE 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6119/ 

ECF201 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

6B 

10K 

6.3 

0.41 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

6V3A 

Half Wave Rectifier 

7B 

9BD 

6.3 

1.75 

Television Damper Service 

6V6GT 

6V6GTY 

Beam Power Tube 

13D 

7AC 

6.3 

0.45 

Single-Tube Class A Amplifier 

Push-Pull Class ABi Amplifier 

6V7G 

Twin Diode—Low-Mu Triode 

23 

7V 

6.3 

0.3 

Triode Unit as Amplifier 

6W4GT 

Half-Wave Rectifier 

13D 

4CG 

6.3 

1.2 

Television Damper Service 

6W7G 

Sharp-Cutoff Pentode 

23 

7R 

6.3 

0.15 

Class A Amplifier 

6X4W 4 

Full-Wave Rectifier 

5D 

5BS 

6.3 

0.6 

With Capacitive-Input Filter 
With Inductive-Input Filter 

6X5 

Full-Wave Rectifier 

2B 

6S 

6.3 

0.6 

With Capacitive-Input Filter 

With Inductive-Input Filter 

6X8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9AK 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

6Y5 

Full-Wave Rectifier 

22 or 
13H 

6J 

6.3 

0.8 

With Capacitive-Input Filter 

6Y7G 

High-Mu Twin Power Triode 

22 

8B 

6.3 

0.6 

Class B Amplifier 

6Y9 

Dual Pentode 

6L 

1DL 

6.3 

0.8 

Unit No. 1 as Class A Amplifier 
Unit No. 2 as Class A Amplifier 

6Z4 

Refer to type 84/6Z4 






6Z5 

Full-Wave Rectifier 

22 

6K 

12.6 

6.3 

0.8 

0.4 

With Capacitive-Input Filter 

6Z7G 

High-Mu Twin Power Triode 

22 

8B 

6.3 

0.3 

Class B Amplifier 

6Z10 

Power Pentode 

Gated-Beam Discriminator 

8C 

12BT 

6.3 

0.95 

Class A Amplifier 

6ZY5G 

Full-Wave Rectifier 

22 

6S 

6.3 

0.3 

With Capacitive-Input Filter 


♦ Industrial type 
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Grid Bias Screen Power 


Plate 

or 

Cathode 

Resistor 

Screen 

Grid 

Grid 

Cur¬ 

rent 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Trans- 

conduct¬ 

ance 

Amplifi¬ 

cation 

Factor 

Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



100 

250 

— IV 

- 2V 

- - 

0.5 

1.1 

110000 925 

85000 1175 

100 - 

100 - 

— 

6SQ7 

6SQ76T 

250 

— 9V 

- - 

9.5 

8500 1900 

16 - 

— 

6SR7 

250 

— 3V 

100 2.0 

9.0 

1 M 1850 

- - 

— 

6SS7 



For other characteristics, refer to Type 6SR7 


6ST7 

100 

250 

— IV 

— 3V 

- - 

0.8 

1.0 

54000 1300 

53000 1200 

70 - 

70 - 

— 

6SZ7 

Max. DC Plate Volts, 200 

Max. DC Cathode mA, 30 


Max. Grid mA, 8 

Max. Plate Dissipation, 3.5 watts 


6T4 

80 

1500 

- - 

18 

- 7000 

13 - 

— 


250 

- 3V 

- - 

1.2 

62000 1050 

65 - 

— 

£T7f2 

300 

45800 

- - 

Grid Resistor, 0.5 MQ 

Gain per stage, 40 

D 1 /U 

100 

250 

— IV 

— 3 V 

- - 

0.8 

1.0 

54000 1300 

58000 1200 

70 -— 

70 - 

_ 

6T8 

250 

250 

—2 V 
—8V 

250 2.5 

1.5 

35 

45000 2100 

100000 6500 

- 5000 

4.2 

6T9 

Plate & Target Supply, 250 volts. Triode Plate Resistor, 1.0 MO Target Current, 4.0 mA 

Grid Bias, —22 volts; Shadow Angle, 0°. Bias, 0 volts; Angle, 90°; Plate Current, 0.24 mA 


6U5 

250 

— 3V 

100 2.0 

8.2 

800000 1600 

- - 

— 

6U7G 

125 

— IV 

- - . 

13.5 

- 7500 

40 - 

— 


125 

— IV 

110 3.5 

9.5 

200000 5000 

- - 

— 

' 6U8 

100 

160 

—2V 
—1.4V 

110 5 

14 

13 

- 5000 

- 12000 

17 — 

— 

6119/ 

ECF201 

Max. Peak Inverse Plate Volts, 6000 (Abs.) 

Max. Average Plate mA, 135 


6V3A 


Max. Peak Plate mA, 800 


Max. Peak Heater-Cathode Volts-. 1 s,) 

250 

315 

—12.5V 

—13V 

250 4.5 

225 2.2 

45.0 

34.0 

50000 4100 

80000 3750 

- 5000 

- 8500 

4.5 

5.5 

6V6GT 

250 

285 

—15V 

—19V 

250 5.0 □ 

285 4.On 

70.On 
70.0n 

- - 

- 10000 

- 8000 

lO.Ot 

14-0t 

"6V6GTY 



For other characteristics, refer to Type 85 



6V7G 


Max. Peak Inverse Plate Volts, 3850 
Max. Peak Plate mA, 750 

Max. Average Plate mA, 125 


Max. Plate Dissipation, 3.5 watts 

Max. Peak Heater-Cathode Volts, —2300, +300 

6W4GT 

250 

— 3V 

100 0.5 

2.0 

1.5 M 1225 

- - 

— 

6W7G 



For other characteristics, refer to Type 6X4 



6X4W^ 

Max. AC Volts per Plate (RMS), 325 

Max. Peak Inverse Volts, 1250 

Max. DC Output mA, 70 

Max. Peak Plate mA, 245 

Min. Total Effect. Supply 
Imped, per Plate, 525 ohms 

6X5 

Max. AC Volts per Plate (RMS), 400 

Max. Peak Inverse Volts, 1250 

Max. 

Max. 

DC Output mA, 70 

Peak Plate mA, 245 

Min. Value of Input Choke, 
10 henries 

125 

— IV 

- - 

12 

6000 6500 

40 - 

— 

6X8 

125 

— IV 

125 2.2 

9 

300000 5500 

— - 

— 



Max. AC Volts per Plate (RMS), 350 

Max. DC Output mA, 50 



6Y5 



For other characteristics, refer to Type 79 



6Y7G 

170 

— 2.6 

170 6.5 

30 

- 21000 

38 

— 

6Y9 

150 

— 2.3 

150 3 

10 

-- 8500 

35 - 

— 

6Z4 



Max. AC Volts per Plate (RMS), 230 

Max. DC Output mA, 60 



6Z5 

180 

OV 

Power Output is for one tube at stated plate-to-plate load 12000 

4.2 

6Z7G 



For other characteristics 

, refer to Type 6Z10/6J10 


6Z10 

Max. Peak Inverse Volts, 1250 

Max. DC Output mA, 40 

Max. Peak Plate mA, 120 

Min. Total Effect. Supply 
Imped, per Plate, 225 ohms 

6ZY5G 


t For two tubes at stated plate-to-plate load. 


° For two tubes. 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


7A4 

Medium-Mu Triode 

12B 

5AC 

6.3 

0.3 

Amplifier 

7A5 

Beam Power Tube 

12C 

6AA 

6.3 

0.75 

Class A Amplifier 

7A6 

Twin Diode 

12B 

7AJ 

6.3 

0.15 

Detector Rectifier 

7A7 

Remote-Cutoff Pentode 

12B 

8V 

6.3 

0.3 

Class A Amplifier 

7A8 

Octode Converter 

12B 

8U 

6.3 

0.15 

Converter 

7AD7 

Power Pentode 

12C 

8V 

6.3 

0.6 

Class A Amplifier 

7AF7 

Medium-Mu Twin Triode 

12B 

8AC 

6.3 

0.3 

Each Unit as Class A Amplifier 

7AG7 

Sharp-Cutoff Pentode 

12B 

8V 

6.3 

0.15 

Class A Amplifier 

7AH7 

Sharp-Cutoff Pentode 

12B 

8V 

6.3 

0.15 

Class A Amplifier 

7B4 

High-Mu Triode 

12B 

5AC 

6.3 

0.3 

Amplifier 

7B5 

Power Pentode 

12C 

6AE 

6.3 

0.4 

Class A Amplifier 

7B6 

Twin Diode—High-Mu Triode 

12B 

8W 

6.3 

0.3 

Triode Unit as Amplifier 

7B7 

Remote-Cutoff Pentode 

12B 

8V 

6.3 

0.15 

Class A Amplifier 

7B8 

Pentagrid Converter 

12B 

8X 

6.3 

0.3 

Converter 

7C5 

Beam Power Tube 

12C 

6AA 

6.3 

0.45 

Class A Amplifier 

7C6 

Twin Diode—Hieh-Mu Triode 

12B 

8W 

6.3 

0.15 

Triode Unit as Class A Amplifier 

7C7 

Sharp-Cutoff Pentode 

12B 

8V 

6.3 

0.15 

Class A Amplifier 

7DJ8/ 

PCC88 

Dual Triode 

6B 

9DE 

7 

0.3 

Each Unit as 

Class A Amplifier 

7E6 

Twin Diode—Medium-Mu Triode 

12B 

8W 

6.3 

0.3 

Triode Unit as AmDlifier 

7E7 

Twin Diode—Remote-Cutoff 
Pentode 

12B 

8AE 

6.3 

0.3 

Pentode Unit as Class A 
Amplifier 

7EY6 

Beam Power Tube 

13F 

7AC 

7.2 

0.6 

Vertical Deflection Amplifier 

7F7 

High-Mu Twin Triode 

12B 

8AC 

6.3 

0.3 

Each Unit as Amplifier 

7F8 

Medium-Mu Twin Triode 

12A 

8BW 

6.3 

0.3 

Each Unit as Class A Amplifier 

7G7 

Sharp-Cutoff Pentode 

12B 

8V 

6.3 

0.45 

Class A Amplifier 

7H7 

Semiremote-Cutoff Pentode 

12B 

8V 

6.3 

0.3 

Class A Amplifier 

7HG8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9MP 

7.2 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

7J7 

Triode-Hrptode Converter 

12B 

8BL 

6.3 

0.3 

Triode Unit as Oscillator 






Heptode Unit as Mixer 

7K7 

Twin Diode—High-Mu Triode 

12B 

8BF 

6.3 

0.3 

Triode Unit as Class A Amplifier 

7KZ6 

Sharp-Cutoff Pentode 

6E 

9GK 

7.3 

0.45 

Class A Amplifier 

7L7 

Sharp-Cutoff Pentode 

12B 

8V 

6.3 

0.3 

Class A Amplifier 

7N7 

Medium-Mu Twin-Triode 

12C 

8AC 

6.3 

0.6 

Each Unit as Class A Amplifier 

7Q7 

Pentagrid Converter 

12B 

8AL 

6.3 

0.3 

Converter 

7R7 

Twin Diode—Remote-Cutoff 
Pentode 

12B 

8AE 

6.3 

0.3 

Pentode Unit as Class A 
Amplifier 

7S7 

Triode-Heptode Converter 

12B 

8BL 

6.3 

0.3 

Triode Unit as Oscillator 







Heptode Unit as Mixer 

7V7 

Sharp-Cutoff Pentode 

12B 

8V 

6.3 

0.45 

Class A Amplifier 

7W7 

Sharp-Cutoff Pentode 

12B 

8BJ 

6.3 

0.45 

Class A Amplifier 

7X7 

Twin Diode—High-Mu Triode 

12C 

8BZ 

6.3 

0.3 

Triode Unit as Class A Amplifier 

7Y4 

Full-Wave Rectifier 

12B 

5AB 

6.3 

0.5 

With Capacitive-Input Filter 
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Grid Bias 

Screen 

Plate 

AC Plate 


Power 

RCA 


or 

Grid 

Trans- Amplifi- 




Cathode 

Screen Cur- 

Cur- 

Resist- 

conduct- cation 


Out- 

Type 

Plate 

Resistor 

Grid rent 

rent 

ance 

ance Factor 

Load 

put 

Volts 


Volts mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 




For other characteristics, refer to Type 6J5 



7A4 

110 

— 7.5V 

110 3.0 

40.0 

16000 

5800 

2500 

1.5 

7A5 

125 

— 9V 

125 3.3 

44.0 

17000 

6000 

2700 

2.2 

Max. AC Voltage per Plate. 150 Volts, 

RMS 


Max. DC Output Current per plate, 8 mA 

7A6 



For other characteristics, refer to Type 6SK7 



7AF7 






Anode-Grid (2): 250 max. volts, 

4.2 mA 

7A8 

250 

- 3V 

100 3.2 

3.0 

700000 

Oscillator-Grid No. 1 

Resistor. 

Conver- 




sion Transcond., 550 micromhos 



300 

680 

150 7.0 

28.0 

300000 

9500 - 

— 

— 

7AD7 

250 

-10V 

- - 

9.0 

7600 

2100 16 

— 

— 

7AF7 

250 

2500 

250 2.0 

6.0 

1 M 

4200 - 

— 

— 

7AG7 

250 

2500 

250 1.9 

6.8 

1 M 

3300 - 

— 

— 

7AH7 



For other characteristics, refer to Type 6SF5 



7B4 



For other characteristics, refer to Type 6K6GT 



7B5 



For other characteristics, refer to Type 6SQ7 



7B6 

250 

— 3 V 

100 1.7 

8.5 

— 

750000 1750 

— 

— 

7B7 



For other characteristics, refer to Type 6A8 



7B8 



For other characteristics, refer to Type 6V6 



7 C 5 

250 

- IV 

- - 

1.3 

100000 

1000 100 

— 

— 

7C6 

250 

— 3V 

100 0.5 

2.0 

2 M 

1300 - 

— 

— 

7C7 

90 

—1.3 

— - 

15 

— 

12500 33 

— 

— 

7DJ8/ 

PCC88 



For other characteristics, refer to Type 6BF6 



7E6 

250 

3300 

100 1.6 

7.5 

700000 

1300 - 

— 

— 

111 



For other characteristics, refer to Type 6EY6 



7EY6 



For other characteristics, refer to Type 6SL7GT 


/ 

111 

250 

5000 

- - 

6.0 

— 

3300 48 

— 


7F8 

250 

— 2V 

100 2.0 

6.0 

800000 

4500 - 

— 

— 

7G7 

100 

— 1.5V 

100 2.6 

7.5 

350000 

4000 - 

— 

_ 

7H7 

250 

1800 

150 3.2 

10.0 

800000 

4000 - 

— 

— 



For other characteristics, refer to Type 6HG8 



7HG8 

250 

Triode-Grid Resistor, 

50000 ohms 

5.0 

Triode-Grid & Heptode-Grid Current, 0.4 mA 

7J7 

250 

- 3V 

100 2.8 

1.4 

1.5 M 

Conversion Transcond., 290 /imhos 

250 

— 2V 

- - 

2.3 

44000 

1600 70 

— 

— 

7K7 

250 

75fl 

115 3.6 

25 

45000 

24000 - 

— 

— 

7KZ6 

100 

— IV 

100 2.4 

5.5 

100000 

3000 - 

_ 

_ 

7L7 

250 

— 1.5V 

100 1.5 

4.5 

1 M 

3100 - 

— 

— 



For other characteristics, refer to Type 6SN7GT 



7N7 

250 

— 2 V 

100 8.5 

3.5 

1 M 

Grid No. 1 Resistor, 20000 ohms 
Conversion Transcond., 450 /imhos 

7Q7 

250 

— IV 

100 2.1 

5.7 

1 M 

3200 - 

— 

— 

7R7 

100 

Triode-Grid Resistor, 

3.0 

— 

- - 

— 

_ 


250 

50000 ohms 

5.0 

— 

- - 

— 

— 

7S7 

250 

- 2V 

100 3.0 

1.8 

1.25 M 

Conversion Transcond., 525 /imhos 

300 

1600 

150 3.9 

10.0 

300000 

5800 - 

— 

— 

7V7 



For other characteristics, refer to Type 7V7 



7W7 

250 

— IV 

- - 

1.9 

67000 

1500 100 

— 

— 

7X7 

Max. 

Peak Inverse 

Volts, 1250 

Max. 

DC Output mA,70 Max. 

Peak Plate tnA, 180 

7Y4 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

7Z4 

Full-Wave Rectifier 

12C 

5AB 

6.3 

0.9 

With Capacitive-Input Filter 

8AL9 

High-Mu Triode 
Sharp-Cutoff Pentode 

8C 

12HE 

8.6 

0.6 

Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 

,8BH8 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

6E 

9DX 

8.4 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

8BN11 

Sharp-Cutoff Twin Pentode 

8B 

12GF 

8.4 

0.6 

Each Unit as 

Class A Amplifier 

8CB11 

Sharp-Cutoff 

Twin Pentode 

8B 

12DM 

8.4 

0.6 

Each Unit as Class A Amplifier 

8CN7 

Twin Diode—High-Mu Triode 

6B 

9EN 

8.4 

4.2 

Triode Unit as Class A Amplifier 

8EB8 

High-Mu Triode 
Sharp-Cutoff Pentode 

6E 

9DX 

6.3 

0.75 

Triode Unitas Class A Amplifier 
Pentode Unit as Class A Amplifier 

8ET7 

Twin Diode— 
Sharp-Cutoff Pentode 

6E 

9LT 

8 

0.6 

Pentode Unit as 

Class A Amplifier 

8FQ7 

Medium-Mu Twin Triode 

6E 

9LP 

8.4 

0.45 

Vertical and Horizontal 
Deflection Oscillators 

8GJ7 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6J 

9QA 

8 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

9A8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9DC 

9 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

8AH9 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

8B 

12HJ 

8.8 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

9AK10 

High-Mu Triple Triode 

8C 

12FE 

9.5 

0.6 

Each Unit as Class A Amplifier 

9AM10 

High-Mu Triple Triode 

8C 

12FE 

9.5 

0.6 

Each Unit as Class A Amplifier 

9AQ8/ 

PCC85 

High-Mu Twin Triode 

6B 

9DE 

9.0 

0.3 

Each Unit as Class A Amplifier 

9BJ11 

Beam Power Tube 
Sharp-Cutoff Pentode 

8B 

12FU 

9.6 

0.45 

Beam Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

9BR7 

Twin Diode—High-Mu Triode 

63 

9CF 

4.7 

9.4 

0.6 

0.3 

Triode Unit as Class A Amplifier 

9CL8 

Medium-Mu Triode—Sharp-Cutoff 
Tetrode 

6B 

9FX 

9.5 

0.3 

Triode Unit as Class A Amplifier 
Tetrode Unit as Class A 
Amplifier 

9EA8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9AE 

9.5 

0.15 

Triode Unit as 

Class A Amplifier 

Pentode Unit as 

Class A Amplifier 

9GV8 

High-Mu Triode— 

Power Pentode 

6G 

9LY 

9.5 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

9KC6 

Sharp-Cutoff Pentode 

6E 

9RF 

8.7 

0.45 

Class A Amplifier 

9LA6 

Sharp-Cutoff Pentode 

6E 

9GK 

8.7 

0.45 

Class A Amplifier 

9U8A 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9AE 

9.45 

0.3 

Class A Amplifier 

10 

Power Triode 

27B 

4D 

7.5F 

1.25 

Class A Amplifier 

10C8 

High-Mu Triode—Sharp-Cutoff 
Pentode 

6B 

9DA 

10.5 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

10CW5 

Power Pentode 

6G 

9CV 

10.6 

0.45 

Vertical Deflection Amplifier 

10DX8 

High-Mu Triode— 
Sharp-Cutoff Pentode 

6E 

9HX 

10.2 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

10EG7 

Dual Triode 

13B 

8BD 

9.7 

0.6 

Class A Amplifier 

10GF7 

Dual Triode 

11A 

9QD 

9.7 

0.6 

Vertical Deflection Amplifier 
Vertical Deflection Oscillator 

10JA5 

Beam Power Tube 

15D 

12EY 

10.5 

0.6 

Vertical Deflection Amplifier 



Characteristics chart 


oo± 



Grid Bias 


Screen Power 



or 


Grid Plate AC Plate Trans- Ampliti- 

Out- 

RCA 


Cathode 

Screen 

Cur- Cur- Resist- conduct- cation 

Type 

Plate 

Resistor 

Grid 

rent rent ance ance Factor Load 

put 

Volts 


Volts 

mA mA Ohms Micromhos Ohms 

Watts 


Max. Peak Inverse Volts, 1250 

Max. DC Output mA, 100 Min. Total Effec. Supply 

Max. Peak Plate mA, 300 Imped, per Plate, 75 ohms 

7Z4 

200 

27012 

— 

- 7.6 9200 6300 59 - 

— 

8AL9 

250 

5612 

150 

5.6 28 40000 30000 - - 

— 

55 

OV 

125 

21 56 Instantaneous Plate Knee characteristic 




For other characteristics, refer to Type 6BH8 


8BH8 



For other characteristics, refer to Type 6BN11 


8BN11 

125 

56 12 

125 

3.8 11 200000 13000 - - 

— 

8CB11 



For other characteristics, refer to Type 6CN7 


8CN7 

250 

_ 

— 

- 2 37000 2700 100 - 

— 

8EB8 

200 

680 

125 

7 25 75000 12500 -- - 

— 



For other characteristics, refer to Type 6ET7 


8ET7 



For other characteristics, refer to Type 6FQ7 


8FQ7 



For other characteristics, refer to Type 6GJ7 


8GJ7 

100 

— 2 V 

— 

- 14 - 5000 20 - 

— 

' 9A8 

170 

- 2 V 

170 

2.8 10 400000 6200 ft toGrid nTi), 47 



For other characteristics, refer to Type 6AH9 


9AH9 



For other characteristics, refer to Type 6AK10 


9AK10 

100 

20012 

— 

- 8 9300 6900 64 - 

— 

9AM10 

200 

—2V 

— 

- 10 _ 5800 48 - 

— 

9AQ8/ 

PC085 

125 

12012 

125 

2.5 8.5 40000 9600 - - 

-■ 

9BJ11 

110 

OV 

110 

6.8 5.8 40000 7500 (Grid No. 1 = 1000012) 

250 

2000 

— 

- 10 10900 4000 60 - 

— 

9BR7 

125 

560 

— 

- 15 5000 8000 40 - 

— 


125 

— IV 

125 

4 12 100000 5800 - - 

— 

' 9CL8 


For other characteristics, refer to Type 6EA8 9EA8 




For other characteristics, refer to Type 6GV8 

9GV8 

250 

5612 

150 9 18 55000 24000 (E c3 = OV) 

9KC6 

50 

OV 

100 25 25 Instantaneous Plate Knee characteristic 

50 

OV 

125 32 76 - - - - -- 

9LA6 

250 

OV 

150 6 25 55000 21000 - - -- 



For other characteristics, refer to Type 6U8A 

9U8A 

425 

—40V 

- - 18.0 5000 1600 8.0 10200 1.6 

10 

250 

3900 

- - 7.3 12000 4400 53 - - 


135 

1000 

135 3.2 11.5 190000 8000 - - - 

10C8 



For other ratings, refer to Type 6CW5 

10CW5 



For other characteristics, refer to Type 6DX8 

10DX8 



For other characteristics, refer to Type 6EW7 

10EG7 



For other ratings, refer to Type 6GF7 

10GF7 



For other characteristics, refer to Type 6JA5 

10JA5 



562 


RCA Receiving Tube Manual 


RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

10JA8 

High-Mu Triode 
Sharp-Cutoff Pentode 

6E 

9DX 

10.5 

0.45 

Class A Amplifier 

10LB8 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

1QA 

9DX 

10.2 

0.45 

Class A Amplifier 

10LW8 

High-Mu Triode 
Sharp-Cutoff Pentode 

6E 

9DX 

10.5 

0.45 

Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 

10LZ8 

High-Mu Triode— 
Sharp-Cutoff Pentode 

6E 

9DX 

10.5 

0.45 

Triode Unitas Class A Amplifier 
Pentode Unit 
as Class A Amplifier 

11 

Detector Amplifier 

4F 

4F 

1. IF 

0.25 

Class A Amplifier 






Triode Unit 1 as Class A Amplifier 

11CA11 

Dual Triode 

8B 

12HN 

10.7 

0.6 

Triode Unit 2 as Class A Amplifier 

Sharp-Cutoff Pentode 

Pentode Unit as Class A Amplifier 







Triode Unit 1 as Class A Amplifier 

11CF11 

Dual Triode 

Sharp-Cutoff Pentode 

8B 

12HW 

10.7 

0.6 

Triode Unit 2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 


Dissimilar Double Triode 
Sharp-Cutoff Pentode 





Triode Unit 1 as Class A Amplifier 

11CH11 

8B 

12G3 

10.7 

0.6 

Triode Unit 2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 

11CY7 

Dual Triode 

6E 

9LG 

11 

0.45 

Vertical Deflection 
Oscillator and Amplifier 

11JE8 

High-Mu Triode 
Sharp-Cutoff Pentode 

6E 

9DK 

10.9 

0.45 

Class A Amplifier 

11Y9 

Dual Pentode 

6L 

10L 

11 

0.45 

Unit No. 1 as Class A Amplifier 

Unit No. 2 as Class A Amplifier 

12A5 

Power Pentode 

22 or 
13H 

7F 

6.3 

12.6 

0.6 

0.3 

Class A Amplifier 

12A6 4 

12A6Y 4 

Beam Power Tube 

2B 

7AC 

12.6 

0.15 

Class A Amplifier 

12A7 

Rectifier—Power Pentode 

24B 

7K 

12.6 

0.3 

Pentode Unit as Class A 
Amplifier 







Half-Wave Rectifier 

12A8GT 

Pentagrid Converter 

14A 

8A 

12.6 

0.15 

Converter 

12AC6 

Remote-Cutoff Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.15 

approx. Class A Amplifier 

at 12.6 V 

12AD6 

Pentagrid Converter 

5C 

7CH 

10.0 

to 

15.9 

0.15 

approx. Converter 

at 12.6 V 

12AE6 

Twin Diode—Medium-Mu Triode 

5C 

7BT 

10.0 

to 

15.9 

0.15 

approx. Triode Unit as Class A Amplifier 
at 12.6 V 

12AE6A 

Twin Diode—Medium-Mu Triode 

5C 

7BT 

10.0 

to 

15.9 

0.15 

approx. Triode Unit as Class A Amplifier 
at 12.6 V 

12AE7 

Dual Triode 

6B 

9A 

10.0 

to 

15.9 

0.45 Unit No. 1 as Class A Amplifier 

approx. - 

at 12.6 V Unit No. 2 as Class A Amplifier 

12AF6 

Remote-Cutoff Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.15 

approx. Class A Amplifier 

at 12.6 V 

12AH7 

GT 

Medium-Mu Twin Triode 

13C 

8BE 

12.6 

0.15 

Each Unit as Class A Amplifier 

12AJ6 

Twin Diode—Medium-Mu Triode 

5C 

7BT 

10.0 

to 

15.9 

0.15 

approx. Triode Unit as Class A Amplifier 
at 12.6 V 


♦ Industrial type 
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Grid Bias 


Screen 

Plate 

AC Plate 

Power 

RCA 


or 


Grid 

irans- Ampnti- 



Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- cation 

Out- 


Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance Factor Load 

put 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos Ohms 

Watts 




For other characteristics, refer to Type 10JA8/10LZ8 


10JA8 



For other characteristics, refer to Type 6LB8 


10LB8 

200 

—2 V 

— 

— 

2.6 

18700 

4000 75 - 

— 


200 

820 

100 

2.8 

16.5 

60000 

19000 - - 

_ 

10LW8 

35 

0 

100 

12.5 

48 

Instantaneous Plate Knee characteristic 


250 

— 2 

— 

— 

1.1 

52000 

2100 110 - 

— 

10LZ8 

200 

0 

140 

2.5 

12 

150000 

9500 - - 

— 

135 

—10.5V 

— 

— 

3 

15500 

440 - - 

— 

11 

200 

2700 

— 

— 

7.6 

9200 

6300 59 _ 

— 


200 

2700 

— 

— 

7.1 

12400 

5500 69 — 

— 

UCAU 

200 

650 

120 

4.9 

27.5 

490000 

21200 - —— 

_ 

40 

OV 

120 

17.6 

68 

Instantaneous Plate Knee characteristic 


200 

2700 

— 

— 

7.1 

12400 

5500 69 — 4 — 

— 


200 

2700 

— 

— 

7.6 

9200 

6300 59 

— 

11CF11 

200 

650 

120 

4.9 

27.5 

490000 

21200 - - 

_ 

40 

OV 

120 

17.6 

68 

Instantaneous Plate Knee characteristic 


200 

2700 

— 

— 

7.1 

12500 

5500 69 — 

-- 


200 

4700 

— 

— 

7.2 

7600 

5300 40 - 

— 

-11CH11 

200 

650 

120 

4.9 

27.5 

490000 

20000 - - 

_ 


50 

OV 

120 

18 

71 

Instantaneous Plate Knee characteristic 




For other characteristics, refer to Type 6CY7 


11CY7 



For other characteristics, refer to Type 6JE8 


11JE8 

170 

- 2.6 

170 

6.5 

30 

— 

9innn Ampl. Factor (Grid-No. 

^ 1UUU 1 to Grid-No. 2), 38 

- 11YQ 

150 

- 2.3 

150 

3 

10 

— 

oc-nn Ampl. Factor (Grid-No. 

yt)UU 1 to Grid No. 2), 35 

111 u 

180 

—25V 

180 

8.0 

45.0 

35000 

2400 - 3300 

3.4 

12A5 

250 

—12.5V 

250 

3.5 

30 

70000 

3000 - 7000 

3.4 

12A6^ 

12A6Y 4 

135 

—13.5V 

135 

2.5 

9.0 

100000 

975 - 13500 

0.55 

- 19A7 


Maximum 

AC Plate 

Voltage. 



.125 Volts, RMS 


Lcnf 


Maximum 

DC Output Current. 



. 30 Milliamperes 





For other characteristics, refer to Type 6A8GT 


12A8GT 

12.6 

— 

12.6 

.2 

.55 

500000 

79n fGrid-No. 1 Supply Volts, 0 \ 

/JU [Grid-No. 1 Res., 2.2 megohms] 

12AC6 

12.6 

Self- 

excited 

12.6 

1.5 

0.45 

1 M 

Grid-No. 1 Resistor, 33000 ohms 
Conversion Transcond., 260 micromhos 

12AD6 

12.6 

OV 

— 

— 

0.75 

15000 

1000 15 - 

— 

12AE6 

12.6 

OV 

— 

— 

1 

13000 

1300 16.7 - 

— 

12AE6A 

12.6 

Grid Res. 1.5 megohms 

1.9 

3150 

4000 13.0 - 

— 

- 19AF7 

12.6 

Grid Res. 1 megohm 

7.5 

985 

6500 6.4 - 

— 

l4.nL/ 

12.6 

— 

12.6 

0.45 

1.1 

350000 

mnn JGrid-No. 1 Supply Volts, 0 \ 

1DUU [Grid-No. 1 Res., 2.2 megohms] 

12AF6 

180 

— 6.5V 

— 

— 

7.6 

8400 

1900 16 - 

— 

12AH7 

ST 

12.6 

fGrid-No. 1 Supply Volts, 0 1 

[Grid-No. 1 Res., 2.2 megohms] 

0.75 

45000 

1200 55 - 

— 

12AJ6 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


12AL8 

Medium-Mu Triode—Power 
Tetrode 

6E 

9GS 

10.0 

to 

15.9 

0.55 
approx, 
at 12.6 V 

Triode Unit as Class A Amplifier 

Tetrode Unit as Class A 
Amplifier 

12AT7WA^ 

12AT7WB+ High-Mu Twin Triode 

6B 

9A 

12.6 

6.3 

0.15 

0.3 

Class A Amplifier 

12AU7 

Medium-Mu Twin Triode 

6B 

9A 

6.3 

12.6 

0.3 

0.15 

Each Unit as Class A Amplifier 

12AV7 

Medium-Mu Twin Triode 

6B 

9A 

6.3 

12.6 

0.45 

0.225 

Each Unit as Class A Amplifier 

12AW6 

Sharp-Cutoff Pentode 

50 

7CM 

12.6 

0.15 

Class A Amplifier 

12AX4- 

GT 

12AX4- 

GTA 

Half-Wave Rectifier 

13D 

13D 

4CG 

12.6 

12.6 

0.6 

0.6 

Television Damper Service 

12AX7 

High-Mu Twin-Triode 

6B 

9A 

6.3 

12.6 

0.3 

0.15 

Each Unit as Class A Amplifier 

12AY3 

Half-Wave Rectifier 

11D 

9HP 

12.6 

0.6 

Television Damper Service 

12AZ7 

High-Mu Twin-Triode 

6B 

9A 

6.3 

12.6 

0.45 

0.225 

Each Unit as Class A Amplifier 

12B8GT 

High-Mu Triode—Remote-Cutoff 
Pentode 

- 

8T 

12.6 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

12BA7 

Pentagrid Converter 

6E 

8CT 

12.6 

0.15 

Converter 

12BD6 

Remote-Cutoff Pentode 

5C 

7BK 

12.6 

0.15 

Class A Amplifier 

12BF6 

Twin Diode—Medium-Mu Triode 

5C 

7BT 

12.6 

0.15 

Triode Unit as Class A Amplifier 

12BH7 

Medium-Mu Twin Triode 

6E 

9A 

6.3 

12.6 

0.6 

0.3 

Vertical Deflection Amplifier 

12BK5 

Beam Power Tube 

6E 

9BG 

12.6 

0.6 

Class A Amplifier 

12BL6 

Remote-Cutoff Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.15 
approx, 
at 12.6V 

Class A Amplifier 

12BN6 

Beam Tube 

5D 

7DF 

12.6 

0.15 

Limiter and Discriminator 

12BR7 

Twin Diode—High-Mu Triode 

6B 

9CF 

6.3 

12.6 

0.45 

0.225 

Triode Unit as Class A Amplifier 

12BS3 

Half-Wave Rectifier 

11D 

9HP 

12.6 

0.6 

Television Damper Service 

12BT3 

Half-Wave Rectifier 

8C 

12BL 

12.6 

0.45 

Television Damper Service 

12BV7 

Sharp-Cutoff Pentode 

6E 

9BF 

6.3 

12.6 

0.6 

0.3 

Class A Amplifier 

12BW4 

Full-Wave Rectifier 

6E 

9DJ 

6.3 

0.9 

With Capactive Input Filter 

With Inductive Input Filter 

12BY7 

Sharp-Cutoff Pentode 

6E 

9BF 

6.3 

12.6 

0.6 

0.3 

Class A Amplifier 

12BZ7 

High-Mu Twin Triode 

6E 

9A 

12.6 

0.3 

Each Unit as Class A Amplifier 

12C8 

Twin Diode—Semiremote-Cutoff 
Pentode 

3 

8E 

12.6 

0.15 

Pentode Unit as RF Amplifier 

12CK3 

Half-Wave Rectifier 

30B 

9HP 

12.6 

0.6 

Television Damper Service 

12CN5 

Remote-Cutoff Pentode 

5D 

7CV 

10.0 

to 

15.9 

0.45 
approx, 
at 12.6V 

Class A Amplifier 

12CR6 

Diode-Remote-Cutoff Pentode 

5C 

7EA 

6.3 

0.3 

Pentode Unit as 

Class A Amplifier 

12CT8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

6E 

9DA 

12.6 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 


♦ Industrial Type 



UHAKACTUKISTIUS UJtlAKT 





Grid Bias 

Screen 

Plate 

Cur¬ 

rent 

AC Plate Trans- Amplifi- 

Resist- conduct- cation 

ance ance Factor 

Power 


Plate 

or 

Cathode 

Resistor 

Grid 

Screen Cur- 
Grid rent 

Load 

Out¬ 

put 

“ RCA 

Type 

Volts 


Volts mA 

mA 

Ohms Micromhos 

Ohms 

Watts 


12.6 

— 0.9V 

(across 2.2 megohm res.) 

.5 

13000 1000 13 

— 

— 


Grid-No. 2 (Control Grid) Volts, —.5 
(across 2.2 megohm res.) 

Grid-No. 1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No. 2 to Plate), 15000 Aimhos 

Ampl. Factor (Grid-No. 2 to Plate) 7.2 

Grid-No. 1 mA, 75 Plate mA, 40 

Plate Resistance, 480 ohms 

' 12AL8 



For other characteristics, refer to Type 12AT7 


12AT7WA 4 

12AT7WB 4 

100 

250 

OV 

— 8.5V 

- - 

11.8 

10.5 

6250 3100 19.5 

7700 2200 17 

— 

_ 

12AU7 

150 

560 

- - 

18 

4800 8500 41 

Cutoff Volts, —12 

12AV7 



For other characteristics, refer to Type 6AG5 



12AW6 

Max. Peak Inverse Plate Volts, 4400 

Max. Peak Plate mA, 750 

Max. DC Plate mA, 125 


Max. Peak Heater-Cathode Volts: j 

DC component must not exceed 900 volts 

12AX4- 

GT 

12AX4- 

GTA 

100 

250 

— IV 

- 2 V 

- - 

0.5 

1.2 

80000 1250 100 

62500 1600 100 

— 

— 

12AX7 



For other ratings, refer to Type 6AY3 



12AY3 

100 

250 

2700 

2000 

- - 

3.7 

10.0 

15000 4000 60 

10900 5500 60 

_ 

_ 

12AZ7 

90 

OV 

- - 

2.8 

37000 2400 90 

— 

— 

12B8GT 

90 

— 3V 

90 2 

7 

200000 1800 - 

— 

— 



For other characteristics, refer to Type 6BA7 



12BA7 



For other characteristics, refer to Type 6BD6 



12BD6 

250 

— 9V 

- 16 

1900 

9.5 8500 - 

Power Output, 

300 milliwatts 

12BF6 

Max. DC Plate Volts, 450 

Max. DC Plate mA, 20 

Absolute Max. Peak Positive-Pulse Plate Volts, 1500 

Max. Plate Dissipation (Each Unit), 3.5 watts 

12BH7 

250 

— 5V 

250 3.5 

35 

100000 8500 - 

6500 

3.5 

12BK5 

12.6 

Grid-No. 1 
Supply 
Volts, 0 

12.6 0.5 

1.35 

Grid-No. 1 and Grid-No. 3 Volts 
500000 1350 for transcond. of 10 

micromhos, —5 

12BL6 



For other characteristics, refer to Type 6BN6/6KS6 



12BN6 

100 

250 

2700 

2000 

- - 

3.7 

10 

15000 4000 60 

10900 5500 60 

— 

— 

12BR7 



For other ratings, refer to Type 6BS3 



12BS3 


Max. Peak 

Max. 

Inverse Plate Volts, 3300 
Peak Plate mA, 1000 

Max. Average Plate mA, 165 

Max. Peak Heater-Cathode Volts: 

12BT3 

250 

250 

680 
— 8V 

150 6 

180 - 

27 

0.5 

85000 13000 - 

— 

— 

12BV7 



For other characteristics, refer to 6BW4 



12BW4 

250 

1000 

180 5.75 

26 

93000 11000 - 

— 

— 

12BY7 

250 

—2V 

■- - 

2.5 

31800 3200 100 

— 

— 

12BZ7 

250 

— 3V 

125 2.3 

10 

600000 1325 - 

— 

— 

12C8 



For other characteristics, refer to Type 6CK3 



12CK3 

12.6 

— 

12.6 3.5 

4.5 

40000 3800 {gHd : N0. 

1 Supply Volts, 0 1 

1 Res., 2.2 megohms) 

12CN5 



For other characteristics, refer to Type 6CR6 



12CR6 

150 

1500 

- - 

9 

8200 4900 40 

_ 

_ 


200 

820 

125 3.4 

15 

150000 7000 - 

_ 


12CT8 
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Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 


Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


12CX6 

Remote-Cutoff Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.15 
approx, 
at 12.6V 

Class A Amplifier 

12D4 

Half-Wave Rectifier 

13D 

4CG 

12.6 

0.6 

Television Damper Service 

12DB5 

Beam Power Tube 

6F 

9GR 

12.6 

0.6 

Class A Amplifier 

12DE8 

Diode—Remote-Cutoff Pentode 

6B 

9HG 

10.0 

to 

15.9 

0.2 

approx, 
at 12.6V 

Pentode Unit as Class A 
Amplifier 

12DK7 

Twin Diode—Power Tetrode 

6E 

SHZ 

10.0 

to 

15.9 

0.5 

approx, 
at 12.6V 

Tetrode Unit as Class A 
Amplifier 

12DL8 

Twin Diode—Power Tetrode 

6E 

9HR 

10.0 

to 

15.9 

0.55 
approx, 
at 12.6V 

Tetrode Unit as Class A 
Amplifier 

12DM4 

12DM4A 

Half-Wave Rectifier 

13F 

13G 

4CG 

12.6 

0.6 

Television Damper Service 

12DQ6A 

Beam Power Tube 

20A 

6AM 

12.6 

0.6 

Horizontal Deflection Amplifier 

12DQ6B 

Beam Power Tube 

20A 

6AM 

12.6 

0.6 

Horizontal Deflection Amplifier 

12DQ7 

Power Pentode 

GE 

9BF 

6.3 

12.5 

0.6 

0.3 

Class A Amplifier 

12DS7 

12DS7A 

Twin Diode—Power Tetrode 

6E 

6E 

9JU 

10.0 

to 

15.9 

0.4 

approx, 
at 12.6V 

Tetrode Unit as Class A 
Amplifier 







Diode Units 

12DU7 

Twin Diode—Power Tetrode 

6B 

9JX 

10.0 

to 

15.9 

0.25 
approx, 
at 12.6V 

Tetrode Unit as Class A 
Amplifier 

12DV8 

Twin Diode—Power Tetrode 

6E 

9HR 

10.0 

to 

15.9 

0.375 
approx, 
at 12.6V 

Class A Amplifier 

12DW4A 

Half-Wave Rectifier 

11D 

9HP 

12.6 

0.6 

Television Damper Service 

12DW7 

Dual Triode 

GB 

9A 

~12.6 

6.3 

0.15 

0.3 

Unit No. 1 as Class A Amplifier 
Unit No. 2 as Class A Amplifier 

12DY8 

Medium-Mu Triode— 
Remote-Cutoff Tetrode 

6B 

9JD 

10.0 

to 

15.9 

0.35 
approx, 
at 12.6V 

Triode Unit as Class A Amplifier 

Tetrode Unit as Signal Seeker 
Relay 

12DZ6 

Remote-Cutoff Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.19 
approx, 
at 12.6V 

Class A Amplifier 

12EA6 

Remote-Cutoff Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.19 
approx, 
at 12.6V 

Class A Amplifier 

12EC8 

Medium-Mu Triode— 

6B 

9FA 

10.0 

to 

15.9 

0.225 
approx, 
at 12.6V 

Triode Unit as Class A Amplifier 

Semiremote-Cutoff Pentode 

Pentode Unit as Class A 
Amplifier 

12ED5 

Beam Power Tube 

5D 

7CV 

12.6 

0.45 

Class A Amplifier 

12EG6 

Pentagrid Amplifier 

5C 

7CH 

10.0 

to 

15.9 

0.15 
approx, 
at 12.6V 

Class A Amplifier 

12EH5 

Power Pentode 

5D 

7CV 

12.6 

0.6 

Push-Pull Class AB, Amplifier 

12EK6/ 

12DZ6/ 

12EA6 

Remote-Cutoff Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.19 
approx, 
at 12.6V 

Class A Amplifier 

12EL6 

Twin Diode—High-Mu Triode 

5C 

7FB 

10.0 

to 

15.9 

0.15 
approx, 
at 12.6V 

Class A Amplifier 




UHAKAUTUKISTIUS l^liAKT 


i 



Grid Bias 


Screen 




Power 


Plate 

or 

Cathode 

Resistor 

Screen 

Grid 

Grid 

Cur¬ 

rent 

Plate 

Cur¬ 

rent 

AC Plate Trans- 
Resist- conduct¬ 
ance ance 

AmpilTI- ; 

cation 

Factor Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 


12.6 

Grid-No. 1 
Supply 
Volts, 0 

12.6 

1.4 

3 

40000 

3100 

Grid-No. 1 Volts for 
Current of 10 /iA, — 

• Plate 

4.5 

12CX6 


Max. Peak Inverse Plate Volts, 4400 

Max. Peak Plate mA, 900 

Max. Average Plate mA, 155 

Max. 

Peak Heater-Cathode Volts, —4400, +300 

Plate Dissipation 5.5 watts 

12D4 

200 

180ft 

125 

2.2 

46 

28000 

8000 

- 4000 

3.8 

12DB5 

12.6 

— 

12.6 

0.5 

1.3 

300000 

1500 

Grid No. 1 Supply Volts, 0 
Grid-No. 1 Res., 2.2 megohms 

12DE8 

12.6 

— 

12.6 

1 

6 

4000 

5000 

- 3500 

0.010 

12DK7 

12.6 

Grid-No. 2 (Control Grid) Volts, —0.5 
(across 2.2 megohm resistor) 

Grid-No. 1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No. 2 to Plate), 15000 /imhos 

Ampl. Factor (Grid-No. 2 to Plate) 7.2 

Grid-No. 1 mA, 75 Plate mA, 40 

Plate Resistance, 480 ohms 

12DL8 



For other characteristics, refer to Type 6DM4 


12DM4 

12DM4A 

Max. DC Plate Volts, 700 

Max. DC Cathode mA, 140 



Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
Max. Plate Dissipation, 15 watts 

12DQ6A 



For other ratings, refer to Type 6DQ6B 



12DQ6B 

200 

680 

125 

5.6 

26 

53000 

10500 

- - 

— 

12DQ7 

12.6 

12.6V 

-0.5 

(across 

2.2 

megohm 

resistor) 

75 

(Grid- 
No. 1) 

35 

500 

19000 
(Grid- 
No. 2 
to Plate) 

9.1 
(Grid- 
No. 2 
to Plate) 

— 

12DS7 

12DS7A 

Diode Plate mA, with 10 Volts Applied, 3 mA 

12.6 

— 

12.6 

1.5 

12 

6000 

6200 

- 2700 

0.025 

12DU7 

Grid-No. 2 (Control Grid) Resistor, 4.7 megohms 
Grid-No. 1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No. 2 to Plate), 8500 Atmhos 

Ampl. Factor (Gr;d-No. 2 to Plate) 7.6 
Grid-No. 1 mA, 53 Plate mA, 9 

Plate Resistance, 900 ohms 


12DV8 



For other characteristics, refer to Type 6DW4A 


12DW4A 

250 

— 2 V 

— 

— 

1.2 

62500 

— 

100 - 

— 

■ 12DW7 

250 

— 8.5V 

— 

— 

10.5 

7700 

2200 

17 - 

— 

12.6 

— 

— 

— 

1.2 

10000 

2000 

20 - 

— 


10 

— 

10 

— 

5 min. 

Grid No. 

1 resistor 10 megohms. Piate Load 700 ohms 

12DY8 

15 

— 6V 

15 

— 

3 max. 

— 

— 

- Plate Load 700 ohms 


12.6 

Grid-No.1 
Supply 
Volts, 0 

12.6 

2.2 

4.5 

25000 

3800 

-. - 

— 

12D26 

12.6 

— 

12.6 

1.4 

3.2 

32000 

3800 

(Grid-No. 1 Supply Volts, 0 \ 

IGrid-No. 1 Res., 10 megohms) 

12EA6 

12.6 

47000 
(Grid Res.) 

— 

— 

2.4 

6000 

4700 

25 - 

— 

12EC8 

12.6 

— 

12.6 

0.28 

0.66 

750000 

2000 

Grid No. 1 Res., 33000 ohms 

1.25 

_ 4 5V 

125 

7 

37 

14000 

8500 

- 4500 

1.5 

12ED5 

12.6 

— 0.6Vt 

12.6 

2.8 

.55 

150000 

8001 

{Between Grid No. 3 & Plate 
{Bias voltage across res. 

2.2 megohms 

12EG6 

140 

680 

120 

lia 

47 □ 

— 

— 

- 6000 

3.8 h 

12EH5 

12.6 

— 

12.6 

1.7 

4 

50000 

4200 

Grid-No. 1 Supply Volts, 0 
Grid-No. 1 Res. (Bypassed), 

2.2 megohms 

12EK6/ 

12DZ6/ 

12EA6 

12.6 

OV 

— 

— 

0.75 

45000 

1200 

55 - 

— 

12EL6 


t For two tubes at stated plate-to-plate load. 


□ For two tubes. 
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Values to right give operat¬ 


Name 

Out¬ 

Dia¬ 

Heater or 

ing conditions and character¬ 

Type 


line 

gram 

Filament (F) 

istics for indicated typical use 





Volts 

Amperes 


12EM6 




10.0 

0.5 


Diode—Power Tetrode 

6E 

9HV 

to 

approx. 

Class A Amplifier 





15.9 

at 12.6V 

12EN6 

Beam Power Tube 

13D 

7AC 

12.6 

0.6 

Vertical Deflection Amplifier 

12EQ7 

Diode*—Remote-Cutoff Pentode 

6E 

9LD 

12.6 

0.15 Pentode Unit as Class A Amplifier 

12F5GT 

High-Mu Triode 

14A 

5M 

12.6 

0.15 

Amplifier 

12F8 

Twin Diode—Remote-Cutoff 
Pentode 

6B 

9FH 

10.0 

to 

15.9 

0.15 
approx, 
at 12.6V 

Pentode Unit as Class A 
Amplifier 

12FK6 




10.0 

0.15 


Twin Diode—Low-Mu Triode 

5C 

7BT 

to 

approx. 

Triode Unit as Class A Amplifier 





15.9 

at 12.6 V 

12FM6 




10.0 

0.15 


Twin Diode—Medium-Mu Triode 

5C 

7BT 

to 

approx. 

Triode Unit as Class A Amplifier 





15.9 

at 12.6V 

12FQ8 

High-Mu Twin 
Double-Piate Triode 

6B 

9KT 

12.6 

0.15 

Each Unit as Class A Amplifier 

12FR8 

Diode—Medium-Mu Triode 
Remote-Cutoff Pentode 

6K 

9KU 

12.6 

0.32 

Triode Unit as Class A Amplifier 

12FV7 

Medium-Mu Twin Triode 

6E 

9A 

6.3 

12.6 

0.9 

0.45 

Each Unit as Class A Amplifier 

12FX8 

Medium-Mu Triode—Pentagrid 
Converter 

6D 

9KV 

10.0 

to 

0.3 

approx. 

Triode Unit as Class A Amplifier 




15.9 

at 12.6V 

Pentagrid Unit as Converter 

12FX8A 

Medium-Mu Trlode-Pentagrid 
Converter 

6D 

9KV 

10.0 

to 

15.9 

0.27 
approx, 
at 12.6V 

Triode Unit as Class A Amplifier 
Pentagrid Unit as Converter 

12GA6 




10.0 

0.15 


Pentagrid Converter 

5C 

7CH 

to 

approx. 

Converter 





15.9 

at 12.6V 


126C6 

Beam Power Tube 

20A 

8JX 

12.6 

0.6 

Horizontal Deflection Amplifier 

12GJ5 

Beam Power Tube 

18A 

9QK 

12.6 

0.6 

Horizontal Deflection Amplifier 

12GN7 

12GN7A 

Sharp-Cutoff Pentode 

6E 

9BF 

6.3 

12.6 

0.6 

0.3 

Class A Amplifier 

12GT5 

12GT5A 

Beam Power Tube 

17B 

9NZ 

12.6 

0.6 

Horizontal Deflection Amplifier 

12H6 

Twin Diode 

29B 

7D 

12.6 

0.15 

Voltage Doubler 

Half-Wave Rectifier 

12J5GT 

Medium-Mu Triode 

13D 

6Q 

12.6 

0.15 

Amplifier 

12J7GT 

Sharp-Cutoff Pentode 

14A 

7R 

12.6 

0.15 

Amplifier 

12J8 

Twin Diode—Power Tetrode 

6B 

9GC 

10.0 

to 

15.9 

0.325 
approx, 
at 12.6V 

Tetrode Unit as Class A 
Amplifier 

12JB6 

Beam Power Tube 

18A 

9QL 

12.6 

0.6 

Horizontal-Deflection Amplifier 

12JF5 

Beam Power Tube 

1BA 

12JH 

12.6 

0.6 

Horizontal Deflection Amplifier 

12JN8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9FA 

12.6 

0.225 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

12JT6 

Beam Power Tube 

17C 

9DU 

12.6 

0.6 

Horizontal Deflection Amplifier 

12K5 




10.0 

0.4 


Power Tetrode 

5D 

7EK 

to 

approx. 

Class A Amplifier 




15.9 

at 12.6V 

12K7GT 

Remote-Cutoff Pentode 

14A 

7R 

12.6 

0.15 

Amplifier 

12K8 

Triode-Hexode Converter 

3 

8K 

12.6 

0.15 

Oscillator Mixer 



CHARACTERISTICS CHART 


OOtf 


Grid Bias Screen _ Power 



or 


Grid 

Plate 

AC Plate 

Trans- 

Amplifi- 



RCA 


Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 


Out- 

Type 

Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



12.6 

- 12.6 1 

6 

4000 5000 Grid-No. 1 Res., 2.2 megohms 

12EM6 

Max. Peak Pos.-Pulse Voits, 1200 

Max. Peak Neg.-Pulse Grid Volts, 250 
Max. Peak Cathode mA, 175 


Max. Plate Dissipation, 7 watts 

Max. DC Plate Volts, 300 

12EN6 


For other characteristics, refer to Type 6EQ7 

12EQ7 


For other characteristics, refer to Type 6F5GT 

12F5GT 

12.6 

OV 12.6 0.38 

1 

rwnnn mnn Grid-No. 1 Volts for trans- 

330000 1000 cond . of 10 mlcrornhoSf —5 

12F8 

12.6 

Grid Supply Volts, 0 

Grid Res. (Bypassed), 

2.2 megohms 

1.3 

6200 1200 7.4 - - 

12FK6 

12.6 

ov - - 

1 

7700 1300 10 - - 

12FM6 

250 

—1.5V - - 1.5 76000 1250 95 - - 

With plate not in use connected to ground. 

12FQ8 

12.6 

—0.8V 12.6 0.7 

1.9 

400000 2700 - - - 

12FR8 

100 

— 2V - - 

16 

2250 9600 21.5 - - 

12FV7 

12.6 

- - - 

1.3 

7150 1400 10 2 . 2 r megohms 

19FYR 

12.6 

- 12.6 1.25 

0.29 

cnnnnn Grid No. 3 Res., 2.2 megohms 

auuuuu Conversion Transcond., 300 ^mhos 

LLl AO 

12.6 

— 0.8 -- 

1.3 

7150 1400 10 - - 

19FYRA 




«■ n Grid No. 3 Res., 2? megohms 

1LV AOA 

12.6 

— 0.5 12.6 1.25 

0.29 

juuuuu Conversion Transcond., 300 /^mhos 


12.6 

1.6V 12.6 0.8 

0.3 

, M Grid No. 1 Res., 33000 ohms 

Conversion. Transcond., 140 /imhos 

12GA6 

Max. DC Plate Volts, 770 

Max. DC Cathode mA, 175 


Max. Peak Positive-Pulse Plate Volts, 6500 
Max. Plate Dissipation 17.5 watts 

12GC6 


For other characteristics, refer to Type 6GJ5 

12GJ5 

50 

250 

OV 125 24 

OV 150 6.5 

70 

28 

50000 36000 - - - 

12GN7 

12GN7A 

Max. 

Max. 

DC Plate Volts, 770 

DC Cathode mA, 175 


Max. Peak Positive-Pulse Plate Volts, 6500 
Max. Plate Dissipation, 17.5 watts 

12GT5 

12GT5A 

Max. AC Supply Volts per Plate (RMS), 117 Max. DC Output mA, 8 . min. 

Min. Total Effect. Plate-Supply Imped, per Plate: half-wave, 30 ohms; full wave, 15 ohms 

Max. AC Plate Volts (RMS), 150 Min. Total Effective Plate-Supply Impedance: up 

Max. DC Output mA, 8 per Plate to 117 volts, 15 ohms; at 150 volts, 40 ohms 

12H6 


For other characteristics, refer to Type 6J5GT 

12J5GT 


For other characteristics, refer to Type 6J7GT 

12J7GT 

12.6 

— OV 12.6 1.5 

12 

6000 5500 - 2700 0.02 

12J8 


For other ratings, refer to Type 6 JB 6 

12JB6 


Max. DC Plate Volts, 770 

Max. DC Cathode mA, 175 


Max. Peak Positive-Pulse Plate Volts, 6500 

Max. Plate Dissipation, 17.5 watts 

12JF5 

125 

- IV - - 

13.5 

5400 8500 46 - - 

1 0 IMO 

125 

— IV 125 4 

12 

200000 7500 - - - 

- lZJINo 

Max. DC Plate Supply Volts, 770 

Max. DC Cathode mA, 175 


Max. Peak Positive-Pulse Plate Volts, 6500 

Max. Plate Dissipation, 17.5 watts 

12JT6 

S-/l. ate wo s ' 12 -L n 2 ( c o ntr ol Grid) Volts, —.5 Plate Resistance. 480 ohms 

Grid-No. 1 (Space- Charge Grid) Volts, 12.6 Amplification Factor, Grid-No. 2 to Plate, 7.2 

DC Plate mA, 40 Grid-No. 1 mA, 75 Transcond., Grid-No. 2 to Plate, 15000 wmhos 

12K5 


For other characteristics, refer to Type 6K7GT 

12K7GT 


For other characteristics, refer to Type 6 K 8 

12K8 
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Dia¬ 
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Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


12KL8 

Diode—Sharp-Cutoff Pentode 

6 E 

9LQ 

12.6 

0.15 

Pentode Unit as Class A 
Amplifier 

12L6GT 

Beam Power Tube 

13D 

7AC 

12.6 

0.6 

Class A Amplifier 

12Q76T 

Twin Diode—High-Mu Triode 

14A 

7V 

12.6 

0.15 

Triode Unit as Amplifier 

12R5 

Beam Power Tube 

5D 

7CV 

12.6 

0.6 

Vertical Deflection Amplifier 

12S86T 

Triple Diode—High-Mu Triode 

14B 

8 CB 

12.6 

0.15 

Triode Unit as Class A Amplifier 

12SA7 

12SA7 

GT 

Pentagrid Converter 

2A 

13D 

8 R 

8 AD 

12.6 

0.15 

Converter 

12SC7 

High-Mu Twin Triode 

2 A 

8 S 

12.6 

0.15 

Each Unit as Class A Amplifier 

12SF5 

12SF5 

GT 

High-Mu Triode 

2A 

13D 

6 AB 

6 AB 

12.6 

0.15 

Class A Amplifier 

12SF7 

Diode—Remote-Cutoff Pentode 

2A 

7AZ 

12.6 

0.15 

Pentode Unit as Amplifier 

12SG7 

Semiremote-Cutoff Pentode 

2A 

8 BK 

12.6 

0.15 

Class A Amplifier 

12SH7 

Remote-Cutoff Pentode 

3 

8 BK 

12.6 

0.15 

Class A Amplifier 

12SJ7 

12SJ7 

GT 

Sharp-Cutoff Pentode 

2A 

13D 

8 N 

8 N 

12.6 

0.15 

Class A Amplifier 

12SK7 

12SK7 

GT 

Remote-Cutoff Pentode 

2A 

13D 

8 N 

8 N 

12.6 

0.15 

Class A Amplifier 

12SN7 

GT 

Medium-Mu Twin Triode 

13D 

8 BD 

12.6 

0.3 

Each Unit as Class A Amplifier 

12SQ7 

12SQ7 

GT 

Twin Diode—High-Mu Triode 

2A 

13D 

8 Q 

8 Q 

12.6 

0.15 

Triode Unit as Class A Amplifier 

12SR7 

12SR7 

GT 

Twin Diode—Medium-Mu Triode 

2A 

13D 

8 Q 

8 Q 

12.6 

0.15 

Triode Unit as Class A Amplifier 

12SW7 ♦ 

Twin Diode—Medium-Mu Triode 

2A 

80 

12.6 

0.15 

Triode Unit as Class A Amplifier 

12SY7♦ 

Pentagrid Converter 

2A 

8 R 

12.6 

0.15 

Converter 

12U7 

Medi::r.i-Mu Twin Triode 

6 B 

7CK 

10.0 

to 

15.9 

0.15 
approx, 
at 12.6V 

Each Unit as Class A Amplifier 

12Z3 

Half-Wave Rectifier 

22 

4G 

12.6 

0.3 

With Capacitive-Input Filter 

13EM7 

Dual Triode 

13A 

8 BD 

13 

0.45 

Unit No. 1 as 

Vertical Deflection Amplifier 

Unit No. 2 as 

Vertical Deflection Amplifier 

13GB5 

Beam Power Tube 

10E 

9NH 

13.3 

0.6 

Horizontal Deflection Amplifier 

13GF7 

Dual Triode 

11A 

9QD 

13 

0.45 

Vertical Deflection Amplifier 

Vertical Deflection Oscillator 

13J10 

Power Pentode 
Gated-Beam 
Discriminator 

8 B 

12BT 

13.2 

0.45 

Pentode Unit as Class A 
Amplifier 

Beam Unit as 

Gated-Beam Discriminator 

13Z10 

Power Pentode 
Gated-Beam Discriminator 

8 C 

12BT 

13.2 

0.45 

Class A Amplifier 

14A4 

Medium-Mu Triode 

12B 

5AC 

12.6 

0.15 

Class A Amplifier 

14A5 

Beam Power Tube 

12B 

6 AA 

12.6 

0.15 

Class A Amplifier 


♦ Industrial Type 
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For other characteristics, see Type 6KL8 12KL8 


110 — 7.5V 110 4.0 49 13000 8000 - 2000 2.1 

200 1800 125 2.2 46 28000 8000 ---4000 3.8 


For other characteristics, refer to Type 6Q7GT 12Q7GT 


Max. DC Plate Volts, 150 

Max. Peak Cathode mA, 155 

Max. Plate Dissipation, 4.5 watts 


Max. Peak Neg.-Pulse Grid-No. 1 Volts, 150 

Max. Grid-No. 2 Volts, 150 

Max. Peak Positive-Pulse Plate Volts, 1500 (Abs.) 

250 — 2V - - 

0.9 

91000 1100 100 - - 


For other characteristics, refer to Type 6SA7 


For other characteristics, refer to Type 6SC7 


For other characteristics, refer to Type 6SF5 


For other characteristics, refer to Type 6SF7 
For other characteristics, refer to Type 6SG7 
For other characteristics, refer to Type 6SH7 


For other characteristics, refer to Type 6SJ7 


For other characteristics, refer to Type 6SK7 


For other characteristics, refer to Type 6J5 


For other characteristics, refer to Type 6SQ7 


For other characteristics, refer to Type 6SR7 


250 —9V -- 9.5 8500 1900 16 


12R5 


12S8GT 


12SA7 

12SA7 

GT 


12SC7 


12SF5 

12SF5 

GT 


12SF7 


12SG7 


12SH7 


12SJ7 

12SJ7 

GT 

12SK7 

12SK7 

GT 


12SN7 

GT 


12SQ7 

12SQ7 

GT 


12SR7 

12SR7 

GT 


12SW7 ♦ 


250 excited 100 8 - 5 3 - 5 1M 


450 Grid-No.1 resistor = 20000fi 12SY7 ♦ 


12.6 OV - - 1 12500 1600 20 - — 12U7 


Max. DC Output mA,55 12Z3 

Max. DC Plate Volts, 330 
Max. DC Cathode mA, 22 
Max. DC Plate Volts, 330 
Max. DC Cathode mA, 50 

For other ratings, refer to Type 6GB5 13GB5 


For other ratings, refer to Type 6GF7 13GF7 


Max. Plate Dissipation, 1.5 watts 


Max. Peak Positive-Pulse Plate Volts, 
Max. Plate Dissipation, 10 watts 


1500 


13EM7 


250 — 8V 250 2.5 35 100000 6500 - 5000 4.2 


Max. Supply Volts, 330 Max. Peak Positive Grid No. 1 Volts, 60 

Max. Grid-No. 2 Volts, 110 _ Max. DC Cathode mA, 13 __ 

For other characteristics, refer to Type 6Z10/6J10 


For other characteristics, refer to Type 6J5 


250 —12.5V 250 5.5 32 70000 3000 - 7500 2.8 


13J10 


13Z10 

14M 

14A5 
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line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

14A7 

Remote-Cutoff Pentode 

12B 

8 V 

12.6 

0.15 

Class A Amplifier 

14AF7 

Medium-Mu Twin-Triode 

12B 

8AC 

12.6 

0.15 

Each Unit as Class A Amplifier 

14B6 

Twin Diode—High-Mu Triode 

12B 

8W 

12.6 

0.15 

Triode Unit as Class A Amplifier 

14B8 

Pentagrid Converter 

12B 

8X 

12.6 

0.15 

Converter 

14C5 

Beam Power Tube 

12C 

6 AA 

12.6 

0.225 

Class A Amplifier 

14C7 

Sharp-Cutoff Pentode 

12B 

8 V 

12.6 

0.15 

Class A Amplifier 

14E6 

Twin Diode—Medium-Mu Triode 

12 B 

8W 

12.6 

0.15 

Triode Unit as Class A Amplifier 

14E7 

Twin Diode—Remote-Cutoff 
Pentode 

12B 

8AE 

12.6 

0.15 

Pentode Unit as Class A 
Amplifier 

14F7 

High-Mu Twin Triode 

12B 

8AC 

12.6 

0.15 

Each Unit as Class A Amplifier 

14F8 

Medium-Mu Twin Triode 

12A 

8 BW 

12.6 

0.15 

Each Unit as Class A Amplifier 

14GT8 

Twin Diode 

High-Mu Triode 

6 B 

9KR 

14 

0.15 

Triode Unit as Class A Amplifier 

14H7 

Semiremote-Cutoff Pentode 

12B 

8V 

12.6 

0.15 

Class A Amplifier 

14J7 

Triode-Heptode Converter 

12B 

8c L 

12.6 

0.15 

Converter 

14JG8 

Twin Diode—High-Mu Triode 

6 B 

9XR 

14 

0.15 

Triode Unit as Class A Amplifier 

14N7 

Medium-Mu Twin Triode 

12C 

8AC 

12.6 

0.3 

Each Unit as Class A Amplifier 

14Q7 

Pentagrid Converter 

12B 

8AL 

12.6 

0.15 

Converter 

14R7 

Twin Diode—Remote-Cutoff 
Pentode 

12B 

8 AE 

12.6 

0.15 

Pentode Unit as Class A 
Amplifier 

15 

Sharp-Cutoff Pentode 

24B 

5F 

2.0 

0.22 

Class A Amplifier 

15BD11 

15BD11A 

Dual Triode— 
Sharp-Cutoff Pentode 

8 B 

12DP 

14.7 

0.45 

Dual Triode Unit 
as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

15CW5 

Power Pentode 

6 G 

9CV 

15 

0.3 

Vertical Deflection Amplifier 

15DQ8 

High-Mu Triode 
Sharp-Cutoff Pentode 

8 E 

9HX 

15 

0.3 

Triode Umtas Class A Amplifier 
Pentode Unit 
as Class A Amplifier 

15FM7 

Dual Triode 

8 C 

12EJ 

14.8 

0.45 

Vertical Deflection 
Oscillator and Amplifier 

15HB6 

Power Pentode 

6 G 

9NW 

14.7 

0.3 

Vertical Deflection Amplifier 

15KY8 

High-Mu Triode— 

Beam Power Tube 

11C 

9QT 

15 

0.45 

Triode Unit as Oscillator 

Beam Power Unit as Amplifier 

15LE8 

Twin Pentode 

6 G 

9QZ 

15 

0.8 

Class A Amplifier 

16A8 

High-Mu Triode— 

Power Pentode 

6 G 

9EX 

16 

0.3 

Triode Unit as Class A Amplifier 
Pentode Unit 
as Class A Amplifier 

16AQ3 

Diode 

7D 

9CB 

16.4 

0.6 


16BX11 

High-Mu Triode 
Medium-Mu Triode 
Sharp-Cutoff Pentode 

8 B 

12CA 

16 

0.315 

Triode Unit 1 as Class A Amplifier 
Triode Unit 2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 

16KA6 

Beam Power Tube 

39A 

12GH 

15.8 

0.6 

Horizontal Deflection Amplifier 

17AB10 

17AB10/ 

17X10 

Power Pentode 

Gated-Beam Discriminator 

8 C 

12BT 

16.8 

0.45 

Pentode Unit as Class A Amplifier 
Beam Unit 

Gated-Beam Discriminator 

17AX4 

GT 

Half-Wave Rectifier 

13D 

4CG 

16.8 

0.45 

Television Damper Service 

17AY3 

Half-Wave Rectifier 

11D 

9HP 

16.8 

0.45 

Television Damper Service 

17BB14 

Beam Pentode 

35B 

9NH 

16.8 

0.45 

Class A Amplifier 
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Grid Bias 

Screen 

Power 


or 

Cathode 

Plate Resistor 

Grid Plate AC Plate Trans- Amplifi- 
Screen Cur- Cur- Resist- conduct- cation 

Grid rent rent ance ance Factor 

Load 

Out¬ 

put 

RCA 

Type 

Volts 

Volts mA mA Ohms Micromhos 

Ohms 

Watts 


100 — IV 

250 — 3V 

100 4.0 13.0 120000 28o0 

100 2.6 9.2 800000 2000 

— 

— 

14A7 


For other characteristics, refer to Type 7AF7 



14AF7 


For other characteristics, refer to Type 6SQ7 



14B6 


For other characteristics, refer to Type 6A8 



14B8 

315 —13V 

225 2.2 34.0 80000 3750 - 

8500 

5.5 

14C5 


For other characteristics, refer to Type 6SJ7 



14C7 


For other characteristics, refer to Type 6BF6 



14E6 

250 3300 

100 1.6 7.5 700000 1300 - 

— 

— 

14E7 


For other characteristics, refer to Type 6SL7GT 



14F7 

250 5000 

- - 6.0 - 3300 48 

— 

— 

14F8 

250 —3V 

- - 0.7 72000 1000 72 

— 

— 

14GT8 


For other characteristics, refer to Type 7H7 



14H7 


For other characteristics, refer to Type 7J7 



14J7 

250 — 2V 

- - 2 41000 2200 90 

— 

— 

14JG8 


For other characteristics, refer to Type 6SN7GT 



14N7 


For other characteristics, refer to Type 6SA7 



14Q7 


For other characteristics, refer to Type 7R7 



14R7 

135 — 1.5V 

67.5 0.3 1.85 800000 750 - 

— 

— 

15 

200 - 
200 2200 

- - 7 12400 5500 68 

- - 9.2 9400 4400 41 

_ 

— 

15BD11 

135 100 

135 4 17 45000 10400 - 

— 

— 

15BD11A 


For other ratings, refer to Type 6CW5 



15CW5 

200 — 1.7 

- - 3 - 4000 65 

— 

— 


200 — 3.4 

220 3 18 150000 10000 - 

— 

— 

' 15DQ8 


For other characteristics, refer to Type 6FM7 



15FM7 

Max. DC Plate Volts, 350 Mi ax piotp Dissinatinn 

Max. Peak Positive-Pulse Plate Volts, 2500 Max - nate mss,patlon - 

10 watts 


15HB6 


For other ratings, refer to Type 6KY8 



15KY8 


For other characteristics, refer to Type 6LE8 



15LE8 

100 0 

- - 3.5 - 2500 70 

-- 

— 


200 -16 

200 7 35 20000 6400 - 

-- 

-- 

' 16A8 

Max. Supply Volts, 250 
Max. DC Plate mA, 220 

Max. Peak Negative-Pulse Plate Volts, — 
Max. Plate Dissipation, 5 watts 

6000 

16AQ3 

150 1500 

- - 11 6800 6200 42 

,- 

— 


150 1500 

- - 7.6 8400 6800 57 

— 

— 

- 16BX11 

125 560 

35 OV 

125 3.8 12 100000 11300 - -- 

125 9.2 20 Instantaneous Plate Knee characteristic 



For other characteristics, refer to Type 21KA6 



16KA6 

145 — 6V 

110 3 36 30000 8600 - 

3000 

2.4 

17AB10 

Max. Supply Volts, 330 Max. Peak Positive Grid No. 1 Volts, 60 

Max. Grid No. 2 Volts, 330 Max. DC Cathode mA, 13 

17AB10/ 

17X10 

Max. Peak Inverse Plate Volts, 4400 M p p _ k Hp; , tpr Pathnrip VnlH . f —4000 

Max. Peak Plate mA, 750 Max - Peak Heater-Cathode Volts: j +300 

Max. DC Plate mA, 125 DC component must not exceed 900 volts 


17AX4 

GT 


For other ratings, refer to Type 6AY3 



17AY3 

100 -7.7V 

100 7 100 5300 14000 - 

— 

— 

17BB14 
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Name 

Out¬ 

line 

Terminal 

Dia- Heater or 

gram Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

17BH3 

17BH3A 

Half-Wave Rectifier 

11 D 

9HP 

17 

0.6 

Television Damper Service 

17BQ6GTB Beam Power Tube 

14D 

BAM 

16.8 

0.45 

Horizontal Deflection Amplifier 

17BR3 

Half-Wave Rectifier 

7D 

9CB 

16.8 

0.45 

Television Damper Service 

17BS3 

Half-Wave Rectifier 

11 D 

9HP 

16.8 

0.45 

Television Damper Service 

17BZ3 

Half-Wave Rectifier 

8 D 

12FX 

16.8 

0.45 

Television Damper Service 

17CK3 

Half-Wave Rectifier 

303 

9HP 

16.8 

0.45 

Television Damper Service 

17D4 

Half-Wave Rectifier 

13D 

4CG 

16.8 

0.45 

Television Damper Service 

17DM4 

Half-Wave Rectifier 

13G 

4CG 

16.8 

0.45 

Television Damper Service 

17DQ6A 

Beam Power Tube 

20 

BAM 

16.8 

0.45 

Horizontal Deflection Amplifier 

17DW4A 

Half-Wave Rectifier 

11D 

9HP 

16.8 

0.45 

Television Damper Service 

17EW8 

High-Mu Twin Triode 

6 B 

9AJ 

17.5 

0.15 

Each Unit as Class A Amplifier 

17GJ5 

Novar-Beam Power Tube 

18A 

9QK 

16.8 

0.45 

Horizontal Deflection Amplifier 

17GT5 

Beam Power Tube 

17B 

9NZ 

16.8 

0.45 

Horizontal Deflection Amplifier 

17H3 

Half-Wave Rectifier 

6 E 

9FK 

17.5 

0.3 

Television Damper Service 

17HB25 

Beam Pentode 

35 

17HB25 

16.8 

0.45 

Horizontal Deflection Amplifier 

17JB6 

Beam Power Tube 

18A 

9QL 

16.8 

0.45 

Horizontal Deflection Amplifier 

17JG6 

Beam Power Tube 

17B 

9QU 

16.8 

0.6 

Horizontal Deflection Amplifier 

17JT6 

Beam Power Tube 

17C 

9QU 

16.8 

0.45 

Horizontal Deflection Amplifier 

17KV6 

Beam Power Tube 

31D 

9QU 

16.8 

0.6 

High-Voltage-Pulse 

Shunt Regulator 

17LD8 

Medium-Mu Triode—Sharp-Cutoff 
Pentode 

10 F 

9QT 

16.8 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

17X10 

Pentode—Beam Power Tube 

8 C 

12BT 

16.8 

0.45 

Beam Power Unit as 

Class A Amplifier 

17Z3/ 

PY81 

Half-Wave Rectifier 

7H 

9CB 

17 

0.3 

Television Damper Service 

18A5 

Beam Power Tube 

13F 

6CK 

18.5 

0.3 

Horizontal Deflection Amplifier 

18AJ10 

Beam Power Tube 
Sharp-Cutoff Pentode 

8 C 

12EZ 

18 

0.315 

Beam Unit as Class A Amplifier 
Pentode Unit as FM Detector 

18FW6 

18FW6A 

Remote-Cutoff Pentode 

5C 

7CC 

18.0 

0.1 

Class A Amplifier 

18FX6 

18FX6A 

Pentagrid Converter 

5C 

7CH 

18.0 

0.1 

Converter 

18FY6 

18FY6A 

Twin Diode—High-Mu Triode 

5C 

7BT 

18.0 

0.1 

Triode Unit as Class A Amplifier 

18GB5 

Beam Power Tube 

35B 

9NH 

18 

0.45 

Horizontal Deflection Amplifier 

18GD6A 

Sharp-Cutoff Pentode 

5C 

7BK 

18 

0.1 

Class A Amplifier 

19 

High-Mu Twin Power Triode 

22 or 
13H 

6 C 

2.0F 

0.26 

Amplifier 

19AU4 

19AU4 

GTA 

Half-Wave Rectifier 

13G 

4CG 

18.9 

0.6 

Television Damper Service 

19BG6G 

19BG6 

GA 

Beam Power Tube 

27B 

5BT 

18.9 

0.3 

Horizontal Deflection Amplifier 
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Grid Bias 


Power 


Plate 

or 

Cathode 

Resistor 

Screen 

Grid 

Grid 

Cur¬ 

rent 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Trans¬ 

conduct¬ 

ance 

Amplifi¬ 

cation 

Factor 

Load 

Out¬ 

put 

' RCA 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



For other ratings, refer to Type 6BH3 


17BH3A 


For other characteristics, refer to Type 6BQ6GTB/6CU6 


17BQ6GTB 


Max. Peak Inverse Plate Volts, 5500 
Max. Peak Plate mA, 1200_ 


Max. DC Plate mA, 200 

Max. Plate Dissipation, 6.5 watts 


Max. Peak Heater f 4-300 
Cathode Volts: ] —5500 


17BR3 


For other ratings, refer to Type 6BS3 


17BS3 


Max. Peak Inverse Plate Volts, 4500 
Max. Peak Plate mA, 1200 


Max. Plate Dissipation, 6.5 watts 
Max. Peak Heater Cathode Volts: 


f- 4500 
1+900 


17BZ3 


For other characteristics, refer to Type 6CK3 


17CK3 


For other characteristics, refer to Type 12D4 


17D4 


For other ratings, refer to Type 6DM4 


17DM4 


Max. DC Plate Volts, 700 
Max. DC Cathode mA, 140 


Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
Max. Plate Dissipation, 15 watts 


17DQ6A 


For other characteristics, refer to Type 6DW4A 


17DW4A 


100 

200 


• 1.1V 
■ 2.1V 


10 

4.5 


4600 

5800 


50 

48 


— 17EW8 


For other ratings, refer to Type 6GJ5 


17GJ5 


For other ratings, refer to Type 6GT5 


17GT5 


Max. Peak Inverse Plate Volts, 2000 Max. Average Plate mA, 75 

Max. Peak Plate mA, 450 _ Max. Plate Dissipation, 3 watts _ 

Max. Peak Positive-Pulse Plate Volts, 7000 

_ Max. Average Cathode mA, 150 _ Max. Plate Dissipation, 13 Watts 

For other ratings, refer to Type 6JB6 


For other characteristics, refer to Type 17JG6A 


For other ratings, refer to Type 6JT6 


17H3 

17HB25 

TtJbT 

17JG6_ 

17JT6 


For other characteristics, refer to Type 6KV6A 

150 — 5V - - 3.3 11300 1900 21.5 

120 — 8V 110 4 46 11700 7100 - 


17KV6 

17LD8 


145 — 6 V 110 3 36 30000 8600 - 3000 - 17X10 


Max. Peak Inverse Plate Volts, 5000 Max. Average Plate mA, 150 

Max. Peak Plate mA, 450 Max. Heater-Cathode Volts, +220, —4500 


Max. DC Plate Volts, 350 Max. Peak Pos.-Pulse Plate Volts 3000 

Max. DC Cath o de mA, 90 _Ma x, Plate Dissipation, 9 watts 


145 

150 

—7V 
18012 

110 

100 

6.5 

3.5 

34 

2.8 

33000 

180000 

5600 

2400 

- 2500 1.45 

Grid No. 3 Volts, 0 

100 

680 

100 

4.4 

11 

250000 

4400 

_ _ _ 


100 — 1.5V 100 6.2 


Grid No. 1 Resistor, 20000 ohms 
Conversion Transcond., 480 /imhos 


100 — IV - - 0.6 77000 1300 100 


For other characteristics, refer to Type 6GB5/EL500 
10O 15012 100 2 5 500000 4300 - 


17Z3/ 

PY81 


18A5 


18AJ10 


18FW6 

18FW6A 

18FX6 

18FX6A 

18FY6 

18FY6A 

18GB5 

18GD6A 


For other characteristics, refer to Type 1J6GT 


For other ratings, refer to Type 6AU4GTA 


Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 

Max. DC Plate Current, 110 mA. Max. Plate Dissipation, 20 watts 


19 


19AU4 

19AU4 

GTA 

19BG6G 

19BG6 

GA 
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Heater or 
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Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


19CL8A 

Medium-Mu Triode— 
Sharp-Cutoff Tetrode 

SB 

9FX 

18.9 

0.15 

Triode Unit as Class A Amplifier 
Tetrode Unit as Class A Amplifier 
Pentode Unit as 

19DE3 

Half-Wave Rectifier 

9D 

12HX 

19 

0.6 

Television Damper Service 

19EZ8 

High-Mu Triple Triode 

6B 

9XA 

18.9 

0.15 

Each Unit as 

Class A Amplifier 

19GQ7 

Triple Diode 

6B 

9QM 

18.9 

0.15 

Each Unit as Half-Wave Rectifier 

19HR6 

Semiremote-Cutoff Pentode 

5C 

7BK 

18.9 

0.15 

Class A Amplifier 

19HS6 

Sharp-Cutoff Pentode 

5C 

7BK 

18.4 

0.15 

Class A Amplifier 

19HV8 

High-Mu Triode 
Sharp-Cutoff Pentode 

68 

9FA 

18.9 

0.15 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

19J6 

Medium-Mu Twin Triode 

5C 

7BF 

18.9 

0.15 

Each Unit as Class A Amplifier 

19JN8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

SB 

9FA 

18.9 

0.15 

Triode Unit as Class A Amplifier 
Pentode Unit as 

Class A Amplifier 

19KG8 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

SB 

9LY 

18.9 

0.15 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

19Q9 

Medium-Mu Triode— 
Semiremote-Cutoff Pentode 

6B 

10H 

18.9 

0.15 

Triode Unit as 

Class A Amplifier 

Pentode Unit as 

Class A Amplifier 

19X8 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

6B 

9AK 

18.4 

0.15 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

20 

Power Triode 


4D 

3.3F 

0.132 

Class A Amplifier 

20EQ7 

Diode—Remote-Cutoff Pentode 

6E 

9LQ 

20.0 

0.1 

Pentode Unit as Class A 
Amplifier __ 

20EZ7 

High-Mu Twin Triode 

6B 

9PG 

20 

0.1 

Each Unit as Class A Amplifier 

21EX6 

Beam Power Tube 

21B 

5BT 

21.5 

0.6 

Horizontal Deflection Amplifier 

21HB5 

Beam Power Tube 

15B 

12BJ 

21 

0.45 

Horizontal Deflection Amplifier 

21HJ5 

Beam Power Tube 

15C 

12FL 

21.5 

0.6 

Horizontal Deflection Amplifier 

21JV6 

Beam Power Tube 

15B 

12FK 

21 

0.45 

Horizontal Deflection Amplifier 

21LG6 

Beam Power Tube 

16B 

12HL 

21 

0.6 

Horizontal Deflection Amplifier 

21MY8 

High-Mu Triode 

Beam Power Tube 

15D 

12DZ 

21 

0.45 

Triode Unit as Class A Amplifier 
Beam Unit as Class A Amplifier 

22 

Sharp-Cutoff Tetrode 

29K 

4K 

3.3F 

0.132 

Screen-Grid RF Amplifier 

22BH3 

22BH3A 

Half-Wave Rectifier 

11D 

9HP 

22.4 

0.45 

Television Damper Service 

22JG6 

Beam Power Tube 

17B 

9GU 

22 

0.45 

Horizontal Deflection Amplifier 

24A 

Sharp-Cutoff Tetrode 

29K 

5E 

2.5 

1.75 

Screen-Grid RF Amplifier 

24JE6A 

Beam Power Tube 

32B 

9QL 

24 

0.6 

Horizontal Deflection Amplifier 

24LZ6 

Beam Power Tube 

32C 

9QL 

24 

0.6 

Horizontal Deflection Amplifier 

25A6 

25A6GT 

Power Pentode 

2B 

13D 

7S 

7S 

25.0 

0.3 

Class A Amplifier 

25A7GT 

Rectifier—Power Pentode 

13D 

8F 

25.0 

0.3 

Pentode Unit as Class A 
Amplifier 

Half-Wave Rectifier 

25AC5 

GT 

High-Mu Power Triode 

13D 

SQ 

25.0 

0.3 

Amplifier 
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Grid Bias 

Screes 


Power 


Plate 

or 

Cathode 

Resistor 

Grid Plate 

Screen Cur- Cur- 

Grid rent rent 

AC Plate Trans- Amplifi- 

Resist- conduct- cation 

ance ance Factor 

Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts mA mA 

Ohms Micromhos 

Ohms 

Watts 


125 

— 1 

- - 14 

5000 8000 40 

— 

— 


125 

— 1 

125 4 12 

200000 6500 -- 

— 

— 

19CL8A 


Max. Peak Inverse Plate Volts, 5000 

Max. Peak Plate mA, 1050 

Max. Average Plate mA, 350 
Max. Heater-Cathode Volts, +300, —5 

.000 

19DE3 



For other characteristics, refer to Type 6EZ8 



19EZ8 



For other characteristics, refer to Type 6GQ7 



19GQ7 



For other characteristics, refer to Type 6HR6 



19HR6 

75 

OV 

75 - - 

- - 50 

— 

— 

19HS6 

150 

OV 

75 2.8 8.8 

500000 9500 - 

— 

— 


100 

125 

—IV 

—IV 

- - 0.8 

125 4 12 

54000 1300 70 

200000 6500 - 

— 

— 

19HY8 

100 

500 (For both units at R c 

the specified conditions) 

7100 5300 38 

— 

— 

19J6 

125 

— 1 

- - 13.5 

5400 8500 46 

— 

— 


125 

— 1 

125 4 12 

200000 7500 - 

— 

— 

19JN8 

125 

125 

—IV 

—IV 

- - 13.5 

125 4 12 

5400 8500 46 

200000 7500 - 

_ 

— 

19KG8 

125 

125 

—IV 

—IV 

- - 14 

125 4 12 

5000 8000 40 

200000 6500 - 

— 

— 

19Q9 



For ether characteristics, refer to Type 6X8 



19X8 

135 

—22.5V 

- - 6.5 

6300 525 3.3 

6500 

0.110 

20 



For other characteristics, refer to Type 6EQ7 



20EQ7 

250 

—2V 

- — 1.2 

62500 1600 100 

— 

— 

20EZ7 



For other ratings, refer to Type 6EX6 



21EX6 

Max. DC Plate Supply Volts, 770 

Max. Peak Positive-Pulse Plate Volts, 6000 

Max. DC Cathode mA, 230 

Max. Plate Dissipation. 18 watts 


21HB5 

Max. DC Plate Supply Volts, 770 

Max. Peak Positive-Pulse Plate Volts, 7000 

Max. DC Cathode mA, 280 

Max. Plate Dissipation, 24 watts 


21HJ5 

Max. 

Max. 

DC Plate Supply Volts, 770 

Peak Positive Pulse Plate Volts, 6000 

Max. DC Cathode mA, 230 

Max. Plate Dissipation, 18 watts 

21JV6 


Max. DC Plate Volts, 900 

Max. Average Cathode mA, 315 

Max. Plate Dissipation, 28 Watts 

Max. Peak Positive-Pulse Plate Volts, 7500 

21LG6 

250 

—4V 

- — 2.3 

16000 3600 58 

— 

— 


135 

45 

—10 

OV 

120 3 56 

125 20 200 

12000 9300 - - - 

Instantaneous Plate Knee characteristic 

21MY8 

135 

— 1.5V 

67 - 5 (Max.) 37 

325000 500 - 

— 

— 

22 



For other ratings, refer to Type 6BH3 



22BH3 

22BH3A 



For other characteristics, refer to Type 22JG6A 



22JG6 

250 

— 3V 

90 (Max.) 4 » 

600000 1050 - 

— 

— 

24A 


Max. DC Plate Volts, 990 

Max. Average Cathode mA, 350 

Max. Peak Positive-Pulse Plate Volts, 7500 
Max. Plate Dissipation, 30 Watts 

24JE6A 



For other characteristics, refer to Type 31LZ6 



24LZ6 

95 

—15V 

95 4 20 

45000 2000 - 

4500 

0.9 

25A6 

25A6GT 


100 —15V 100 4.0 20.5 50000 1800 - 4500 0.77 25A7 



Max. AC Plate Volts (RMS), 117 
110 +15V (Grid mA. 7) 


3800 


58 
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Volts 

Amperes 


25AX4 

GT 

Half-Wave Rectifier 

13D 

4CG 

25 

0.3 

Television Damper Service 

25B5 

Direct-Coupled Power Amplifier 

— 

6D 

25.0 

0.3 

Amplifier 

25B6G 

Power Pentode 

25 

7S 

25.0 

0.3 

Class A Amplifier 

25B8GT 

High-Mu Triode—Remote-Cutoff 
Pentode 

13D 

8T 

25.0 

0.15 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

25BK5 

Beam Power Tube 

6E 

9BQ 

25 

0.3 

Class A Amplifier 

25BQ6 

GT 

Beam Power Tube 

14D 

6AM 

25.0 

0.3 

Horizontal Deflection Amplifier 

25C6G 

Beam Power Tube 

25 

7AC 

25.0 

0.3 

Class A Amplifier 

25CA5 

Beam Power Tube 

5D 

7CV 

25 

0.3 

Class A Amplifier 

25CD6 

GA 

Beam Power Tube 

21B 

5BT 

25 

0.6 

Horizontal Deflection Amplifier 

25GK3 

Half-Wave Rectifier 

3DB 

9HP 

25.2 

0.3 

Television Damper Service 

25CM3 

Half-Wave Rectifier 

30B 

9HP 

25 

0.6 

Television Damper Service 

25DN6 

Beam Power Tube 

21 

5BT 

25 

0.6 

Horizontal Deflection Amplifier 

25E5/ 

PL36 

Beam Power Tube 

14K 

8GT 

25 

0.3 

Horizontal Deflection Amplifier 

25EC6 

Beam Power Tube 

21A 

5BT 

25.0 

0.6 

Horizontal Deflection Amplifier 

25F5A 

Beam Power Tube 

5D 

7CV 

25 

0.15 

Class A Amplifier 

25HX5 

Beam Power Tube 

10F 

9SB 

25 

0.3 

Vertical Deflection Amplifier 

25JQ6 

Beam Power Tube 
with Integral Diode 

6G 

9RA 

25.2 

0.3 

Vertical Deflection Amplifier 

25L6 

Beam Power Tube 

2B 

7AC 

25.0 

0.3 

Amplifier 

25L6GT 

25L6GT/ 

25W6GT 

Beam Power Tube 

13D 

7AC 

25.0 

0.3 

Amplifier 

25N6G 

Direct-Coupled Power Amplifier 

— 

7W 

25.0 

0.3 

Class A Amplifier 

25W4GT 

Half-Wave Rectifier 

13D 

4CG 

25.0 

0.3 

Television Damper Service 

25W6GT 

Beam Power Tube 

13D 

7AC 

25 

0.3 

Class A Amplifier 

25Y5 

Rectifier-Doubler 

22 or 
13H 

6E 

25.0 

0.3 

Half-Wave Rectifier 

25Z5 

Rectifier-Doubler 

22 or 
13H 

6E 

25.0 

0.3 

Rectifier-Doubler 

25Z6 

Rectifier-Doubler 

2B 

7Q 

25.0 

0.3 

Voltage Doubler 

2526GT 

13D 

7Q 

25.0 

0.3 

Half-Wave Rectifier 

26 

Medium-Mu Triode 

26 

4D 

1.5F 

1.05 

Class A Amplifier 

26A6 4 

Remote-Cutoff Pentode 

5C 

7BK 

26.5 

0.07 

Class A Amplifier 

26A7GT ♦ Twin Power Pentode 

13G 

8BU 

26.5 

0.6 

Class A Amplifier 

26C6 4 

Twin Diode—Medium-Mu Triode 

5C 

7BT 

26.5 

0.07 

Triode Unit as Class A Amplifier 

2606 f 

Pentagrid Converter 

5C 

7CH 

26.5 

0.07 

Converter 

26LW6 

Beam Power Tube 

29N 

8NC 

26 

0.6 

Horizontal Deflection Amplifier 


♦ Industrial Type 
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Plate 

Volts 

Grid Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Screen Cur- 
Grid rent 

Volts mA 

Plate AC Plate 
Cur- Resist- 

rent ance 

mA Ohms 

Trans¬ 

conduct¬ 

ance 

Micromhos 

Power 


Ampmi- 

cation 

Factor 

Ohms 

Out¬ 

put 

Watts 

RCA 

Type 



For other characteristics, refer to Type 6AX4GTB 


25AX4 

GT 



For other characteristics, refer to Type 25N6G 


25B5 

200 

—23V 

135 1.8 

62.0 18000 

5000 

2500 

7.1 

25B6G 

100 

— IV 

- - 

0.6 75000 

1500 

112 

— 


100 

— 3V 

100 2.0 

7.6 185000 

2000 

- - 

— 

“25B8GT 



For other characteristics, refer to Type 6BK5 


25BK5 

Max. DC Plate Volts, 600 

Absolute Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 

25BQ6 

Max. DC Cathode mA, 

112.5 

Max. Plate Dissipation, 11 Watts 


GT 



For other characteristics, refer to Type 6Y6G 


25C6G 

110 

—4V 

110 3.5 

32 16000 

8100 

- 3500 

1.1 

oepac 

125 

—4.5V 

125 4 

37 15000 

9200 

- 4500 

1.5 

L JwnO 

Max. DC Plate Volts, 700 

Max. Peak Positive-Plus Plate Vols, 7000 


25CD6 

Max. DC Plate mA, 200 

Max. Plate Dissipation, 20 Watts 


GA 



For other characteristics, refer to Type 6CK3 


25CK3 



For other characteristics, refer to Type 6CM3 


25CM3 



For other characteristics, refer to Type 6DN6 


25DN6 

Max. DC Plate Supply Volts, 550 


Max. DC Cathode mA, 200 


25E5/ 

Max. Peak Positive Pulse Plate Volts, 7000 

Max. Plate Dissipation, 10 watts 


PL36 


Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 700 (Abs.) ocppr 

M ax. DC Ca thod e mA, 200 _ Max. Plate Dissipation 10 watts. _ 

110 —7.5V 110 3.8 43 13000 6400 - 2500 1.5 25F5A 


100 —8.2V 100 7 ' 100 5000 14000 - — 

40 0V_100_19 240_Instantaneous Plate Knee characteristic 


For other characteristics, refer to Type 6JQ6 


25JQ6 

110 — 7.5V 110 4 

200 — 8V 110 2 

49 

50 

13000 9000 - 2000 

30000 9500 - 3000 

2.1 

4.3 

25L6 

For other characteristics, refer to Type 50L6GT 


25L6GT 

25L6GT/ 

25W6GT 

Output Triode: Plate Volts, 180; Plate mA, 46; Load, 4000 ohms 

Triode: Plate Volts, 100; Grid Volts, 0; A-F Signal Volts (Peak), 29.7; Plate mA, 5.8 

3.8 

25N6G 

Max. Peak Inverse Plate Volts, 3850 (Abs.) 

Max. Peak Plate mA, 750 

Max. DC Plate mA, 125 

Max. Peak Heater-Cathode Volts: J _^_|qq ^ Abs ^ 

DC Component must not exceed 100 volts 

25W4GT 

225 —30 - - 

22 

1600 3800 6.2 - 

— 

25W6GT 

Max. DC Output mA per Plate, 75 


25Y5 

For other ratings, refer to Type 25Z6 


25Z5 

Max. AC Volts per Plate (RMS), 117 
Max. DC Output mA, 75 

Min. Total Effective Plate-Supply Impedance: Half- 
Wave, 30 ohms; Full-Wave, 15 ohms 


25Z6 

Max. AC Volts per Plate (RMS), 235 
Max. DC Output mA per Plate, 75 

Min. Total Effect. Supply Imped, per Plate: at 117 volts 

15 ohms; at 150 volts, 40 ohms,- at 235 volts, 100 ohms 

25Z6GT 

180 —14.5V - '- 

6.2 

7300 1150 8.3 - 

— 

26 

250 125ft 100 4.0 

10.5 

1M 4000 - - 

— 

26A6* 

26.5 -4.5V 26.5 1.9 

20 

{unit} 5700 - 15 °° 

180mW 

26A7GT 4 

En 

o 

L 

< 

! 

9.5 

8500 1900 16 - 

— 

26C6+ 

250 excited 100 ™ 

3.0 

1M 475 Grid-No.1 resistor = 

20000ft 

26D6+ 

Max. Peak Positive Pulse Plate Volts, 7500 

Max. Peak Cathode mA, 1400 

Max. DC Cathode mA, 400 

Max. Plate Dissipation, 40 watts 


26LW6 
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Volts 

Amperes 


27 

Low-Mu Triode 

22 or 
13H 

5A 

2.5 

1.75 

Class A Amplifier 

29KQ6/ 

PL521 

Beam Power Tube 

35A 

9RJ 

29 

0.3 

Horizontal Deflection Amplifier 

30 

Medium-Mu Triode 

22 or 
13H 

4D 

2.0F 

0.06 

Amplifier 

30JZ6 

Beam Power Tube 

39A 

12GD 

30 

0.3 

Horizontal Deflection Amplifier 

30AG11 

Twin Diode—Twin-Triode 

8A 

12DA 

30 

0.15 

Each Triode as Class A Amplifier 

3GMB6 

Beam Power Tube 

16H 

12FY 

30 

0.45 

Horizontal Deflection Amplifier 

31 

Power Triode 

22 or 
13H 

4D 

2.0F 

0.13 

Class A Amplifier 

31 ALIO 

Dual Medium-Mu Triode 

Beam Power Tube 

8C 

12HR 

31.5 

0.315 

Triode No. 1 as Class A Amplifier 
Triode No. 2 as Class A Amplifier 
Beam Unit as Class A Amplifier 

31JS6A 

Beam Power Tube 

16B 

12FY 

31.5 

0.45 

Horizontal Deflection Amplifier 

32 

Sharp-Cutoff Tetrode 

29K 

4K 

2.OF 

0.06 

Class A Amplifier 

32ET5 

32ET5A 

Power Pentode 

5D 

7CV 

32.0 

0.1 

Class A Amplifier 

32HQ7 

Damper Diode 

15A 

12HT 

32.6 

0.315 

Diode Unit as Television 
Damper Service 

Beam Power Tube 

Beam Unit as 

Horizontal Deflection Amplifier 

32L7GT 

Rectifier—Beam Power Tube 

14A 

8Z 

32.5 

0.3 

Class A Amplifier 

Half-Wave Rectifier 

3 $ 

33 

Power Pentode 

25 

5K 

2.0F 

0.26 

Class A Amplifier 

33GT7 

Damper Diode 

15A 

12FC 

33.6 

0.45 

Diode Unit as Television 

Damper Service 

Beam Power Tube 

Beam Unit as 

Horizontal Deflection Amplifier 

33GY7 

Diode—Beam Power Tube 

15A 

12FN 

33.6 

0.45 

Diode Unit as 

Television Damper Service 
Beam Power Unit as 
Horizontal Deflection Amplifier 

33JV6 

Beam Power Tube 

15B 

12FK 

33 

0.3 

Horizontal Deflection Amplifier 

34 

Remote-Cutoff Pentode 

29K 

4M 

2.0F 

0.06 

Screen-Grid RF Amplifier 

34CM3 

Half-Wave Rectifier 

3QB 

9HP 

33.5 

0.45 

Television Damper Service 

34GD5 

34GD5A 

Beam Power Tube 

5D 

7CV 

34.0 

0.1 

Class A Amplifier 

34R3 

Half-Wave Rectifier 

7C 

9CB 

34 

0.15 

Television Damper Service 

35 

Remote-Cutoff Tetrode 

29K 

5E 

2.5 

1.75 

Screen-Grid RF Amplifier 

35A5 

Beam Power Tube 

12C 

6AA 

35.0 

0.15 

Single-Tube Class A Amplifier 

35B5 

Beam Power Tube 

5D 

7BZ 

35.0 

0.15 

Class A Amplifier 

35DZ8 

High-Mu Triode—Power Pentode 

6H 

9JE 

35.0 

0.15 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
Amplifier 

35EHS 

Power Pentode 

50 

7CV 

35 

0.15 

Class A Amplifier 

35GL6 

Beam Power Tube 

5D 

7FZ 

35.0 

0.15 

Class A Amplifier 

35L6GT 

Beam Power Tube 

13D 

7AC 

35 

0.15 

Class A Amplifier 
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Grid Bias 

Screen 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Power 


Plate 

or 

Cathode 

Resistor 

Grid 

Screen Cur- 
Grid rent 

irans- Ampim- 
conduct- cation 

ance Factor Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts mA 

mA 

Ohms 

Micromhos Ohms 

Watts 


250 

—21V 

- - 

5.2 

9250 

975 9.0 - 

— 

27 

Max. DC Plate Volts, 275 

Max. Peak Positive Pulse Plate Volts, 6500 


Max. Plate Dissipation, 17 watts 
Max. DC Cathode mA, 275 


29KQ6/ 

PL521 



For other characteristics, refer to Type 1H4G 


30 



For other characteristics, refer to Type 6JZ6 


30JZ6 



For other characteristics, refer to Type 6AG11 


30AG11 

Max. DC Plate Volts, 990 

Max. Peak Positive Pulse Plate Volts, 8000 


Max. Plate Dissipation, 38 watts 
Max. DC Cathode mA, 400 


30MB6 

180 

—30V 

-- 

12.3 

3600 

1050 3.8 5700 

0.375 

31 

150 

—2V 

- - 

5.4 

11000 

3900 - - 

— 


150 

—5V 

- - 

5.5 

8500 

2350 - - 

— 

31 ALIO 

120 

40 

—8V 

0 

110 3.5 

110 16.5 

46 

122 

11700 7100 

Instantaneous Plate Knee characteristic 




For other characteristics, refer 

to Type 6JS6A 


31JS6A 

180 

(Max.) 

— 3V 

67.5 0.4 

1.7 

1 M 

650 - - 

— 

32 

110 

— 7.5V 

110 2.8 

30 

21500 

5500 - 2800 

1.2 

32ET5 

32ET5A 

Max. 

Max. 

Peak Inverse Plate Volts, 3300 

Peak Plate mA, 600 


Max. Plate Dissipation, 3.8 watts 
Max. Peak Heater-Cathode Volts, +200, - 

-3300 

32HQ7 

Max. DC Plate Supply Volts, 400 

Max. Peak Positive-Pulse Plate Volts, 4000 


Max. DC Cathode mA, 125 

Max. Plate Dissipation, 7 watts 


90 

— 7V 

90 2.0 

27.0 

17000 

4800 - 2600 

1.0 



Maximum 

Maximum 

AC Plate Voltage. 

DC Output Current_ 


.J25 Volts, RMS 


■32L7GT 

180 

—18V 

180 5.0 

22.0 

55000 

1750 - 6000 

1.4 

33 

Max. Peak Inverse Plate Volts, 2500 

Max. Peak Plate mA, 750 


Max. Plate Dissipation, 3.5 watts 
Max. Peak Heater-Cathode Volts, +200, — 

-2500 


Max. DC Plate Supply Volts, 400 

Max. Peak Positive Plate Volts, 3500 



Max. DC Cathode mA, 140 

Max. Plate Dissipation, 9 watts 


o«JUI / 

Max. Peak Inverse Plate Volts, 4200 
Max. Peak Plate mA, 810 


Max. Plate Dissipation, 3.8 watts 

Max. Peak Heater-Cathode Volts-. 

oqpv7 

Max. DC Plate Supply Volts, 400 

Max. Peak Positive-Pulse Plate Volts, 5000 

Max. DC Cathode mA, 155 

Max. Plate Dissipation, 9 watts 


- OOuT/ 



For other characteristics, refer to Type 21JV6 


33JV6 

180 

— 3V 
min. 

67.5 1.0 

2.8 

1 M 

620 - - 

— 

34 



For other characteristics, refer to Type 6CM3 


34CM3 

110 

— 7.5V 

110 3 

35 

13000 

5700 - 2500 

1.4 

34GD5 

34GD5A 

Max. Peak Inverse Plate Volts, 4500 

Max. Peak Plate mA, 450 



Max. DC Cathode mA, 150 


34R3 

250 

— 3V 
min. 

90 2.5 

6.5 

— 

1050 - - 

-- 

35 



For other characteristics, refer to Type 35L6GT 


35A5 



For other characteristics, refer to Type 35C5 


35B5 

120 

15000 

- - 

0.8 

— 

1400 100 - 

— 

35DZ8 

140 

1800 

120 6 

45 

— 

7500 - 2500 

2.0 

110 

62 a 

115 7.2 

32 

14000 

3000 - 3000 

1.2 

15EH5" 

110 

—7.5V 

110 3 

45 

12000 

7500 - 2500 

1.8 

35GL6 

200 

110 

180& 

—7.5 V 

125 2 

110 3 

43 

40 

34000 

14000 

6100 - 5000 

5800 - 2500 

3 

1.5 

35L66T 
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Volts 

Amperes 


35Y4 

Half-Wave Rectifier Heater Tap 
for Pilot 

12C 

5AL 35.0 0.15 

Pilot Between Pins 1 and 4 

With Capacitive-Input Filter 

35Z3 

Half-Wave Rectifier 

12C 

4Z 

35.0 

0.15 

With Capacitive-Input Filter 

35Z4GT 

Half-Wave Rectifier 

13D 

5AA 

35.0 

0.15 

With Capacitive-Input Filter 

36 

Sharp-Cutoff Tetrode 

24B 

5E 

6.3 

0.3 

Screen-Grid RF Amplifier 

36AM3 

Half-Wave Rectifier 

5D 

5BQ 

36.0 

0.1 

With Capacitive-Input Filter 

36AM3A 

36AM3B 

Half-Wave Rectifier 

5D 

5BQ 

36.0 

0.1 

With Capacitive-Input Filter 

37 

Medium-Mu Triode 

22 or 
13H 

5A 

6.3 

0.3 

Class A Amplifier 

38 

Power Pentode 

24B 

5F 

6.3 

0.3 

Class A Amplifier 

39/44 

Remote-Cutoff Pentode 

24B 

5F 

6.3 

0.3 

Class A Amplifier 

40 

Medium-Mu Triode 

26 

4D 

5.0F 

0.25 

Class A Amplifier 

40KD6 

Beam Power Tube 

16C 

12GW 

40 

0.45 

Horizontal Deflection Amplifier 

41 

Power Pentode 

22 or 
13H 

6B 

6.3 

0.4 

Amplifier 

42 

Power Pentode 

28 

6B 

6.3 

0.7 

Amplifier 

42EC4A/ 

PY500 

Half-Wave Rectifier 

35C 

6EC4 

42 

0.3 

Television Damper Service 

43 

Power Pentode 

28 

6B 

25.0 

0.3 

Amplifier 

45 

Power Triode 

26 

4D 

2.5F 

1.5 

Class A Amplifier 

45Z3 

Half-Wave Rectifier 

5C 

5AM 

45.0 

0.075 

Half-Wave Rectifier 

45Z5GT 

Half-Wave Rectifier 

Heater Tap for Pilot 

13D 

6AD 45.0 0.15 

Pilot Between Pins 2 and 3 

With Capacitive-Input Filter 

46 

Dual-Grid Power Amplifier 

27B 

5C 

2.5F 

1.75 

Class A Amplifier 

47 

Power Pentode 

27B 

5B 

2.5F 

1.75 

Class A Amplifier 

48 

Power Tetrode 

27B 

6A 

30.0 

0.4 

Class A Amplifier 

49 

Dual-Grid Power Amplifier 

26 

5C 

2.OF 

0.12 

Class A Amplifier 

50 

Power Triode 

29L 

4D 

7.5F 

1.25 

Class A Amplifier 

50A5 

Beam Power Tube 

12C 

6AA 

50.0 

0.15 

Class A Amplifier 

50B5 

Beam Power Tube 

5D 

7BZ 

50 

0.15 

Class A Amplifier 

50C6G 

Beam Power Tube 

25 

7AC 

50.0 

0.15 

Single-Tube Class A Amplifier 

50DC4 

Kalf-Wave Rectifier 

5D 

5BQ 

50 

0.15 

With Capacitive-Input Filter 

50FE5 

Beam Power Tube 

13G 

8KB 

50.0 

0.15 

Class A Amplifier 

50FK5 

Power Pentode 

5D 

7CV 

50.0 

0.1 

Class A Amplifier 

50HC6 

Power Pentode 

5D 

7FZ 

50 

0.15 

Class A Amplifier 

S0JY6 

Beam Power Tube 

14L 

8MG 

50 

0.5 

Horizontal Deflection Amplifier 

50X6 

Rectifier-Doubler 

12C 

7DX 

50.0 

0.15 

Rectifier-Doubler 

50Y66T 

Rectifier-Doubler 

13D 

7Q 

50.0 

0.15 

Rectifier-Doubler 

50Y7GT 

Rectifier-Doubler 

13D 

8AN 

50.0 

0.15 

Voltage Doubler 

Heater Tap for Pilot 


Pilot Between Pins 6 and 7 

Half-Wave Rectifier 

50Z7G 

Rectifier-Doubler 

22 

8AN 

50.0 

0.15 

Voltage Doubler 

Heater Tap for Pilot 


Pilot Between Pins 6 and 7 

Half-Wave Rectifier 

53 

High-Mu Twin Power Triode 

26 

7B 

2.5 

2.0 

Amplifier 



Characteristics Chart 


583 



Grid Bias 

Screen 


Power 


Plate 

or 

Cathode 

Resistor 

Grid Plate 

Screen Cur- Cur- 

Grid rent rent 

AC Plate Trans- Amplifi- 

Resist- conduct- cation 

ance ance Factor 

Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts mA mA 

Ohms Micromhos 

Ohms 

Watts 




For other characteristics, refer to Type 35W4 



35Y4 



For other ratings, refer to Type 35Z5GT 



35Z3 

Max. DC Output mA, 100 Min. Total Effective Plate-Supply Impedance: Up to 117 

volts, 15 ohms; at 235 volts, 100 ohms 

35Z4GT 

100 

250 

— 1.5V 

— 3 V 

55 - 1.8 

90 1.7 3.2 

550000 850 

550000 1080 

— 

— 

36 

AC Plate Volts (RMS), 117 

Max. DC Output mA, 82 

Max. Peak Inverse Volts, 365 

Tube Voltage Drop for Plate mA, 150, 20 volts 

36AM3 

Max. AC Plate Volts (RMS), 120 

Max. DC Output mA, 82 

Max. Peak Inverse Volts, 365 

Tube Voltage Drop for Plate mA, 150, 16 volts 

36AM3A 

36 AM 36 

250 

—18V 

- - 7.5 

8400 1100 9.2 

— 

— 

37 

250 

—25V 

250 3.8 22.0 

100000 1200 - 

10000 

2.50 

38 

250 

f - 3V 1 

I min. j 

90 1.4 5.8 

1.0 1050 - 

— 

— 

39/44 

180 

— 3V 

- - 0.2 

150000 200 30 

— 

— 

40 



For other characteristics, refer to Type 6KD6 



40KD6 



For other characteristics, refer to Type 6K6GT 



41 



For other characteristics, refer to Type 6F6G 



42 



For other characteristics, refer to Type 6EC4A/EY500 



42EC4A/ 

PY500 



For other characteristics, refer to Type 25A6 



43 

275 

—56 V 

- - 36.0 

1700 2050 3.5 

4600 

2.00 

45 

Max. Peak Inverse Volts, 350 Max. DC Output mA, 65 Max. Peak Plate mA, 390 

45Z3 



For other ratings, refer to Type 35Z5GT 



45Z5GT 

250 

—33V 

- - 22 

2380 2350 5.6 

6400 

1.25 

46 

250 

4500 

250 6.0 31 

60000 2500 - 

7000 

2.7 

47 

125 

—20V 

100 9.5 56 

- 3900 - 

1500 

2.5 

48 

135 

—20V 

- - 6.0 

4175 1125 4.7 

11000 

0.17 

49 

450 

—84V 

- - 55 

1800 2100 3.8 

4350 

4.6 

50 



For other characteristics, refer to Type 50L6GT 



50A5 



For other characteristics, refer to Type 50C5 



50B5 

135 

200 

—13.5V 

—14V 

135 3.5 08 

135 2.2 61 

9300 .7000 - 

18300 7100 - 

2000 

2600 

3.6 

6 

50C6G 

AC Plate Volts (RMS) 117 

Max. Peak Inverse Plate Volts, 330 

DC Output mA, 110 

Max. Peak Plate mA, 720 


5QDC4 



For other characteristics, refer to Type 6FE5 



50FE5 

110 

620 

115 8.5 32 

14000 12800 - 

3000 

1.2 

50FK5 

110 

62ft 

115 11.5 42 

11000 14600 -- 

3000 

1.4 

50HC6 

Max. DC Plate Volts, 275 

Max. Peak Positive-Pulse Plate Volts, 7700 

Max. DC Cathode mA, 220 

Max. Plate Dissipation, 13 watts 


50JY6 



For other ratings, refer to Type 25Z6GT 



50X6 



For other ratings, refer to Type 25Z6GT 



50Y6GT 

Max. AC Volts per Plate (RMS), 117 Min. Total Effective Plate-Supply Impedance 

Max. DC Output mA, 65 Plate, 15 ohms 

per 


_RDV7CT 


Max. AC Volts per Plate (RMS), 235 Min. Total Effec. Plate-Supply Imped, per Plate: At 117 

Max. DC Output mA per Plate, 65 volts, 15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 


Max. DC Output mA, 65 


Max. DC Output mA per Plate, 65 

- DUZ/U 

For other characteristics, refer to Type 6N7 

53 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

lisa 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 

70L7GT 

Rectifier-Beam Power Tube 

13F 

SAA 

70.0 

0.15 

Amplifier Unit as Class A 
Amplifier 


Half-Wave Rectifier 

75 

Twin Diode—High-Mu Triode 

24B 

66 

6.3 

0.3 

Amplifier 

78 

Remote-Cutoff Pentode 

24B 

6F 

6.3 

0.3 

Amplifier Mixer 

80 

Full-Wave Rectifier 

2B 

4C 

5.0F 

2.0 

With Capacitive-Input Filter 

With Inductive-Input Filter 

83* 

Full-Wave Mercury- 
Vapor Rectifier 

27B 

4C 

5.0 

3.0 

With Capacitive-Input Filter 
With Inductive-Input Filter 

84/6Z4 

Full-Wave Rectifier 

22 or 

5D 

6.3 

0.5 

With Capacitive-Input Filter 

13H 


With Inductive-Input Filter 

117L7 

GT/ 

M7GT 

Rectifier-Beam Power Tube 

13F 

8AO 

117 

0.09 

Amplifier Unit as Class A 
Amplifier 

Half-Wave Rectifier 

117N7 

Rectifier-Beam Power Tube 

13F 

8AV 

117 

0.09 

Amplifier Unit as Class A 
Amplifier 

GT 

Half-Wave Rectifier 

117P7 

GT 

Rectifier-Beam Power Tube 

13F 

8AV 

117 

0.09 


117Z3 

Half-Wave Rectifier 

5D 

4CB 

117 

0.04 

With Capacitive-Input Filter 

117Z4 

GT 

Half-Wave Rectifier 

23F 

SAA 

117 

0.04 

With Capacitive-input Filter 

117Z6 

Rectifier-Doubler 

13D 

7Q 

117 

0.075 

Voltage Doubler 

GT 

Half-Wave Rectifier 

407A^ 

Medium-Mu Twin Triode 

6A 

487A 

40 

20 

0.05 

0.1 

Class A Amplifier 

408A* 

Sharp-Cutoff Pentode 

5B 

7BD 

20 

0.05 

Class A Amplifier 

884 ♦ 

Gas Triode 

22 

6G2 

6.3 

0.6 

Relaxation Oscillator 
Grid-Controlled Rectifier 

955 ♦ 

Medium-Mu Triode 

acorn 

5BC 

6.3 

0.15 

AF and RF Amplifier 

959 # 

Pentode 

acorn 

5BE 

1.25F 

0.05 

Class A Amplifier 

991 ♦ 

Glow-Discharge Tube 

Double 

Contact 

Cande¬ 

labra 

991 

— 

— 

Voltage Regulator 

1612* 

Pentagrid Amplifier 

3 

7T 

6.3 

0.3 

Class A Amplifier 


Beam Power Tube 

4 

7S 

6.3 

0.9 

Class A, AB Amplifier 

1619 4 

Beam Power Tube 

4 

7AW 

2.5F 

2.0 

Class AB, C Amplifier 

1620^ 

Sharp-Cutoff Pentode 

3 

7R 

■ZB 

Ksm 

Class A Amplifier 

1621 ♦ 

Power Pentode 

2B 

7$ 

ES 


Class A Amplifier 

1622^ 

Beam Power Tube 

4 

7S 

6.3 

0.9 

Class AB, C Amplifier 

1629^ 

Electron-Ray Tube 

13H 

7AL 

12.6 

0.15 

Visual Indicator 

1635 ♦ 

High-Mu Twin Power-Triode 

13D 

SB 

6.3 

0.6 

Power Amplifier 

2076/ 

5R4GB+ 

Full-Wave Rectifier 

17B 

ST 

5F 

2 


2081/ 

6AW8A+ 

High-Mu Triode—Sharp- 
Cutoff Pentode 

SE 

9DX 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifiei 


♦ Industrial type 
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Grid Bias 


Screen 


Power 


Plate 

or 

Cathode 

Resistor 

Screen 

Grid 

Grid 

Cur¬ 

rent 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Trans¬ 

conduct¬ 

ance 

Amplify ' 
cation 
Factor 


Out¬ 

put 

RCA 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Mieromhos 


Ohms 

Watts 



110 — 7.5 V 110 

3.0 40.0 15000 7500 - 

— 2000 1.8 

- 7017GT 

Max. Peak Inverse Volts, 350 Max. DC Output mA, 70 Max. 

Min. Total Effect. Plate-Supply Imped., 15 ohms 

Peak Plate mA, 420 


For other characteristics, refer to Type 6SQ7 


75 

For other characteristics, refer to Type 6K7 


78 

AC Volts per Plate (RMS), 350 

Max. Peak Inverse Volts, 1400 

DC Output mA, 125 

Max. Peak Plate mA, 440 

Min. Total Effect. Supply 
Imped, per Plate, 50 ohms 

- RG 

AC Volts per Plate (RMS), 500 

Max. Peak Inverse Volts, 1400 

Max. DC Output mA, 125 

Max. Peak Plate mA, 440 

Min. Value of Input Choke, 
10 henries 


Max. AC Volts per plate (RMS) 450 
Max AC Volts per plate (RMS) 500 

Max. DC Output Current, 

- 225mA — 

- Max. DC Output Current, — 

225mA 

-Condenser = 40 /iF (max.) 

- Choke = 3 henries (min.) 

AC Volts per Plate (RMS), 325 

Max. Peak Inverse Volts, 1250 

DC Output mA, 60 

Max. Peak Plate mA, 180 

Total Effect. Supply 
Imped, per Plate, 150 ohms 

- 84/6Z4 

AC Volts per Plate (RMS), 450 

Max. Peak Inverse Volts, 1250 

Max. DC Output mA, 60 

Max. Peak Plate mA, 180 

Value of Input 

Choke, 10 henries 

105 — 5.2V 105 

4 43 17000 5300 — 

4000 0.85 

117L7 
- GT/ 
M7GT 

Max. AC Plate Volts (RMS), 117 
MafR. Peak Inverse Volts, 350 

Max. DC Output mA, 75 

Max. Peak Plate mA, 450 

Min. Total Effect. Plate- 
Supply Imped., 15 ohms 

100 — 6V 100 

5 51 16000 7000 — 

3000 1.2 

117N7 

Max. AC Plate Volts (RMS), 117 
Max. Peak Inverse Volts, 350 

Max. DC Output mA, 75 

Max. Peak Plate mA, 450 

Min. Total Effect. Plate- 
Supply Impedance, 15 ohms 

GT 

For other characteristics, refer to Type 117L7/M7GT 

117P7 

GT 

Max. Peak Inverse Volts, 330 

Max. DC Output mA, 90 

Max. Peak Plate mA, 540 

Min. Total Effect. Plate- 
Supply Imped., 20 ohms 

117Z3 

Max. Peak Inverse Volts, 350 

Max. DC Output mA, 90 

Max. Peak Plate mA, 540 

Min. Total Effect. Plate- 
Supply Imped., 30 ohms 

117Z4 

GT 

AC Volts per Plate (RMS), 117 

DC Output mA, 60 

Min. Total Effective Plate-Supply Impedance per Plate: 

Half-Wave, 30 ohms; Full-Wave, 15 ohms 

117Z6 

AC Volts per Plate (RMS), 235 

DC Output mA per Plate, 60 

Min. Total Effect. Supply Imped, 
volts, 15 ohms; at 150 volts, 40 ohms; 

per Plate: At 117 
at 235 volts, 100 ohms 

GT 

150 24012 - 

- 8.2 6350 5500 35 

i (each unit) 

407A* 

120 20012 120 

2.2 7 340000 5000 — 

— - 

408A ♦ 

300 max - 

350 max - 

_ 300 [JjaJ Average Anode Current = 75 mA (max.) 

884 ♦ 

250 —7 — 

- 6.3 11400 2200 25 

— - 

955 ♦ 

135. —3 67.5 

0.4 1.7 800000 600 

_ - 

959 ♦ 

48-67 — - 

- 2 - - — 

- - 

991 ♦ 

250 —3 100 

6.5 5.3 600000 1100 Grid-No.3 Bias = —3V 

1612* 

For other characteristics, refer to Type 6L6, 6L6GC 


1614^ 

300 —10 200 

4 44 8800 - — 

3 

1619* 


For other characteristics, refer to Type 6J7 


1G20 4 


For other characteristics, refer to Type 6F6G 


1621 ♦ 


For other characteristics, refer to Type 6L6, 6L6GC 


1622* 


For other characteristics, refer to Type 6E5 


1629* 


300 


6.6 


*(plate to plate) 


12000 * 


10.4 1635 4 


For other characteristics refer to Type 5R4GB. Horizontal 
operating position requires pins 1 and 4 in vertical plane. 


2076/ 

5R4GB+ 


For other characteristics, refer to Type 6AW8 


2081/ 

6AW8A+ 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


2082/ 

12AY7♦ 

Medium-Mu Twin Triode 

6B 

9A 

12.6 

6.3 

0.15 

0.3 

Class A Amplifier 

5636 ♦ 

Sharp-Cutoff Pentode 

submin¬ 

iature 

8DC 

6.3 

0.15 

Class A Amplifier 

5639 ♦ 

Semiremote-Cutoff Pentode 

submin¬ 

iature 

8DE 

6.3 

0.45 

Class A Amplifier 

5642 ♦ 

Half-Wave Rectifier 

submin¬ 

iature 

5642 

1.25F 

0.2 

Pulsed Rectifier Service 

5651WA* 

Glow Discharge Tube 

5C 

5BO 

— 

— 

Voltage Reference 

5654/ 
6AK5W/ 
6096♦ 
5654W^ 

Sharp-Cutoff Pentode 

5B 

7BD 

6.3 

0.175 

Class A Amplifier 

5663* 

Gas-Tetrode 

5A 

6CE 

6.3 

0.15 

Thyratron 

5670 4 

5670WA 4 

Medium-Mu Twin Triode 

6A 

8CJ 

6.3 

0.35 

Class A Amplifier 

5672 ♦ 

Power Pentode 

submin¬ 

iature 

5672 

1.25 

0.05 

Class A Amplifier 

5678 ♦ 

RF Pentode 

submin¬ 

iature 

5678 

1.25 

0.05 

Class A Amplifier 

5686 ♦ 

Beam Power Tube 

6B 

9G 

6.3 

0.35 

Class A Amplifier 

5687 ♦ 

Medium-Mu Twin Triode 

6B 

9H 

12.6 

6.3 

0.45 

0.9 

Class A Amplifier 

5691 ♦ 

High-Mu Twin Triode 

13A 

8BD 

6.3 

0.6 

Class A Amplifier 

5692 ♦ 

Medium-Mu Twin Triode 

13A 

8BD 

6.3 

0.6 

Class A Amplifier 

5693* 

Sharp-Cutoff Pentode 

8N 

2A 

6.3 

0.3 

Class A Amplifier 

5696A* 

Gas Tetrode 

5B 

7BN 

6.3 

0.15 

Relay Applications 

5718* 

Medium-Mu Triode 

submin¬ 

iature 

8DK 

6.3 

0.15 

Class A Amplifier 

5719^ 

High-Mu Triode 

submin¬ 

iature 

8DK 

6.3 

0.15 

Class A Amplifier 

5725^ 

5725/ 

6AS6W 4 

Sharp-Cutoff Pentode 

5B 

7CM 

6.3 

0.175 

Class A Amplifier 

5726 4 

5726/ 
6AL5W/ 
6097 ♦ 







Twin Diode 

5B 

6BT 

6.3 

0.3 

Half-Wave Rectifier 

5726/ 

6AL5W 4 







5734* Mechano-Electronic Transducer 

5734 

5734 

6.3 

0.15 

Vibration Measurements* 

5749 ♦ 

5749/ 

6BA6W 4 

Remote-Cutoff Pentode 

5C 

7BK 

6.3 

0.3 

Class A Amplifier 

5750 4 

Pentagrid Converter 

5C 

7CH 

6.3 

0.3 

Converter 

5751WA* 

High-Mu Twin Triode 

6B 

9A 

12.6 

6.3 

0.15 

0.3 

Class A Amplifier 

5783 ♦ 

Glow Discharge Tube 

submin¬ 

iature 

5783 

— 

— 

Voltage Reference 

5814WA* 

Medium-Mu Twin Triode 

6B 

9A 

12.6 

6.3 

0.15 

0.3 

Class A Amplifier 

5824 ♦ 

Power Pentode 

25 

7S 

25 

0.3 

Class A Amplifier 

5840 ♦ 

5840W* 

Sharp-Cutoff Pentode 

submin¬ 

iature 

8DE 

6.3 

0.15 

Class A Amplifier 


♦ Industrial type 
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Grid Bias 


Screen 

Grid 

Cur¬ 

rent 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Trans¬ 

conduct¬ 

ance 


Power 


Plate 

or 

Cathode 

Resistor 

Screen 

Grid 

Amplifi¬ 

cation 

Factor 

Load 

Out¬ 

put 

RCA 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



For other characteristics, refer to Type 12AY7 



2082/ 

12AY7 ♦ 

100 

1500 

100 

5.8 

4 

50000 

1950 

EC3 = 

—3V 

— 

5636 ♦ 

150 

10012 

100 

4 

21 

50000 

9000 

— 

— 

— 

5639 ♦ 

8000 

— 

— 

— 

0.15 

— 

Tube drop at 4 mA = 30 volts 

5642 ♦ 



For other characteristics, refer to Type 5651A 



5651WA^ 











5654/ 



For other characteristics, refer to Type 5654 



6AK5W/ 

6096 4 











5654W ♦ 

500 

—10V 

5 

2 

20 

— 

— 

— 

— 

— 

5653 4 

150 

2400 

— 

— 

8.2 

6400 

5500 

(each unit) 

— 

5670 4 

5670WA # 

67.5 

-6.5V 

67.5 

1.1 

3.25 

— 

650 

— 

20000 

.065 

5672 ♦ 

67.5 

0 

67.5 

0.48 

1.8 

1M 

1100 

— 

— 

— 

5678 ♦ 

250 

—12.5V 

250 

3 

27 

45000 

3100 

— 

9000 

2.7 

5686 # 

250 

—12.5V 

— 

— 

12 

3000 

5400 

16 

(each unit) 

5687 ♦ 

250 

-2 

— 

— 

2.3 

44000 

1600 

70 

(each unit) 

5691 ♦ 

250 

—9V 

— 

— 

6.5 

9100 

2200 

20 

(each unit) 

5692 ♦ 

250 

—3V 

100 

0.83 

3 

— 

1650 

— 

(Grid-No.3 

= OV) 

5693* 



For other characteristics, refer to Type 5696 



5696A 4 

150 

1800 

— 

— 

13 

4150 

6500 

27 

— 

— 

5718* 

150 

6800 

— 

— 

1.85 

30500 

2300 

70 

— 

— 

5719 4 

120 

—2 V 

120 

3.5 

5.2 

— 

3200 

— 

(Grid-No.3 

= OV) 

5725 4 

5725/ 

6AS6W 4 


5726* 

5726/ 


For other characteristics, refer to Type 6AL5 6097^ 

5726/ 

6AL5W 4 


300 OV - - 1.5 7200 275 - 7500 

* Up to 12,000 cycles per second. 

— 57 34 ♦ 


For other characteristics, refer to Type 6BA6 

5749 4 

5749/ 

6BA6W 4 


For other characteristics, refer to Type 6BE6 

5750^ 


For other characteristics, refer to Type 5751 

5751WA* 

85 

- - - 1.5 -- - - - 

— 5783* 


For other characteristics, refer to Type 5814A 

5814WA* 


For other characteristics, refer to Type 25B6G 

5824 ♦ 

100 

15012 100 2.4 7.5 260000 5000 - - 

5840* 

5840W* 
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RCA 

Type 

Name 

Terminal 
Out- Dia- 

line gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 



5842/ 

417A* 

Medium-Mu Triode 

6A 

9Y 

6.3 

0.3 


Class A Amplifier 

5844 ♦ 

Medium-Mu Twin Triode 

5C 

7BF 

6.3 

0.3 


Class A Amplifier 

5847/ 

404A* 

Sharp-Cutoff Pentode 

6A 

9X 

6.3 

0.3 


Class A Amplifier 

5881♦ 

Beam Power Tube 

29M 

7AC 

6.3 

0.9 


Class A Amplifier 

5896 ♦ 

Twin Diode 

submin¬ 

iature 

8DJ 

6.3 

0.3 


Full-Wave Rectifier 

5899 ♦ 

Semiremote-Cutoff Pentode 

submin¬ 

iature 

SDE 

6.3 

0.15 


Class A Amplifier 

5902 ♦ 

Beam Power Pentode 

submin¬ 

iature 

8DE 

6.3 

0.45 


Class A Amplifier 

5915 4 

Pentagrid Amplifier 

5C 

7CH 

6.3 

0.3 


Class A Amplifier 

5964 ♦ 

Medium-Mu Twin Triode 

5C 

7BF 

6.3 

0.45 


Class A Amplifier 

6005 ♦ 

6005/ 
6AQ5W 
6095 ♦ 








Beam Power Tube 

5D 

7BZ 

6.3 

0.45 


Class A Amplifier 

6005/ 

6AQ5* 








6021♦ 

Medium-Mu Twin Triode 

submin¬ 

iature 

8DG 

6.3 

0.3 


Class A Amplifier 

6072 4 

6072A* 

Medium-Mu Twin Triode 

6B 

9A 

6.3 

12.6 

0.15 

0.3 


Class A Amplifier 

mm 

6073/ 

OA2^ 

Glow-Discharge Tube 

5D 

5BO 

— 

— 


Voltage Regulator 

6074 # 

6074/ 

OB2 4 

Glow-Discharge Tube 

5D 

5BO 

— 

— 


Voltage Regulator 

6Q80WA+ 

Low-Mu Twin Triode 

36 

8BD 

6.3 

2.5 


Voltage Regulator 

6082^ 

Low-Mu Twin Triode 

36 

8BD 

26.5 

0.6 


Voltage Regulator 

6101 ♦ 

6101/ 

6J6WA* 

Medium-Mu Twin Triode 

5C 

7BF 

6.3 

0.45 


Class A Amplifier 

6111 ♦ 

Medium-Mu Twin Triode 

submin¬ 

iature 

8DG 

6.3 

0.3 


Class A Amplifier 

6112 4 

High-Mu Twin Triode 

submin¬ 

iature 

8DG 

6.3 

0.3 


Class A Amplifier 

6136* 

Sharp-Cutoff Pentode 

5C 

7BK 

6.3 

0.3 


Class A Amplifier 

6186 ♦ 








6186/ 

6AG5WA+ 

Sharp-Cutoff Pentode 

5C 

7BD 

6.3 

0.3 


Class A Amplifier 

6186W 4 








6189^ 

Medium-Mu Twin Triode 

6B 

9A 

12.6 

6.3 

0.15 

0.3 


Class A Amplifier 

6197^ 

Power Pentode 

6E 

9BV 

6.3 

0.65 


Class A Amplifier 

6202 ♦ 

Twin Diode 

5D 

5BS 

6.3 

0.6 


Full-Wave Rectifier 

6206 ♦ 

Semiremote-Cutoff Pentode 

submin¬ 

iature 

8DC 

6.3 

0.15 


Class A Amplifier 

621 !♦ 

Medium-Mu Twin Triode 

6B 

9A 

12.6 

6.3 

0.15 

0.3 


Class A Amplifier 


♦ Industrial type 
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Grid Bias 

Screen 

Plate AC Plate 
Cur- Resist- 

rent ance 

mA Ohms 


Power 


Plate 

Volts 

or 

Cathode 

Resistor 

Grid 

Screen Cur- 
Grid rent 

Volts mA 

Trans- Amplifi- 

conduct- cation 
ance Factor 

Micromhos 

Load 

Ohms 

Out¬ 

put 

Watts 

RCA 

Type 

150 

60ft 

- - 

25 1700 

25000 43 

— 

— 

5842/ 

417A* 

100 

470f2 

- - 

4.8 7950 

3400 27 

(each unit) 

5844 ♦ 

160 

600tr 160 4.5 

*with 8.5 V in series 

13 - 

12500 - 

— 

— 

5847/ 

404A^ 

250 

350 

-14 V 
-18V 

250 4.3 

250 2.5 

75 30000 

53 48000 

6100 - 

5200 - 

2500 

4200 

6.7 

11.3 

5881 ♦ 


150 RMS each plate 

DC Output Current = 18 mA 



5896 ♦ 

100 

120fl 

100 2.2 

7.2 260000 

4500 - 

— 

— 

5899 ♦ 

100 

2700 

100 2.2 

30 15000 

4200 - 

3000 

1 

5902* 

67.5 

OV 

67.5 - 

- - 

2000 (grid No.4 voltage = - 

1100 (grid No.4 voltage = 

-4 volts) 
0 volts) 

5915^ 

100 

500* - 

* Common to both units 

9.5 6500 

6000 39 

(each unit) 

5964 ♦ 



For other characteristics, refer to Type 6AQ5A 



6005 ♦ 

6005/ 
6AQ5W 
6095 ♦ 
6005/ 
6AQ5^ 

100 

1500 

- - 

6.5 6500 

5400 35 

— 

— 

6021 ♦ 

250 

—4V 

- - 

3 25000 

1750 44 

— 

— 

6072* 

6072A* 



For other characteristics, refer to Type 0A2 



6073 ♦ 
6073/ 
0A2 4 



For other characteristics, refer to Type 0B2 



6074 ♦ 
6074/ 
0B2* 



For other characteristics, refer to Type 6080 


6Q80WA+ 



For other characteristics, refer to Type 6080 



6082* 



For other characteristics, refer to Type 6J6A 



6101 ♦ 

6101/ 

6J6WA 4 

100 

2200 

- - 

8.5 4000 

5000 20 

— 

— 

6im 

150 

8200 

- - 

1.75 - 

2500 70 

— 

—■ 

6112 4 



For other characteristics, refer to Type 6AU6A 



6136* 



For other characteristics, refer to Type 6AG5 


6186* 

6186/ 

6AG5WA+ 

6186W^ 



For other characteristics, refer to Type 12AU7A 



6189^ 

250 

—3V 

250 70 

30 90000 

11000 - 

— 

— 

6197^ 

325 RMS, 4 mF input filter 

450 RMS, 8 henry input choke 

50 (each plate) 
50 (each plate) 

— 

— 

. — 

6202* 

100 

1200 

100 2.2 

7.2 260000 

4500 - 

— 

— 

6206 ♦ 


100 470S2 - - 4.6 7500 3600 27 (each unit) 6211 ♦ 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


6336A+ 

Low-Mu Twin Triode 

37 

8BD 

6.3 

5.0 

Class A Amplifier 

6350 ♦ 

Medium-Mu Twin Triode 

6E 

9CZ 

12.6 

6.3 

0.3 

0.6 

Class A Amplifier 

6360 ♦ 
6360A+ 

Twin Tetrode 

6G 

6360 

12.6 

6.3 

0.41 

0.82 

Class ABi Power Amplifier 

6386♦ 

Medium-Mu Twin Triode 

6A 

8CJ 

6.3 

0.35 

Class A Amplifier 

6417 4 

VHF Beam Power Tube 

6E 

9K 

12.6 

0.375 

RF Power Amplifier 

6485 ♦ 

Sharp-Cutoff Pentode 

5C 

7CC 

6.3 

0.45 

Class A Amplifier 

6626/ 

0A2WA+ 

Glow-Discharge Tube 

5D 

5BO 

— 

— 

Voltage Regulator 

6660/ 

6BA6+ 

Remote-Cutoff Pentode 

5C 

7BK 

6.3 

0.3 

Class A Amplifier 

6662/ 

6BJ6* 

Remote-Cutoff Pentode 

5C 

7CM 

6.3 

0.15 

Class A Amplifier 

6663/ 

6AL5 4 

Twin Diode 

5B 

6BT 

6.3 

0.3 

Half-Wave Rectifier 

6664/ 

6AB4* 

High-Mu Triode 

5C 

5CE 

6.3 

0.15 

Class A Amplifier 

6676/ 

6CB6A+ 

Sharp-Cutoff Pentode 

5C 

7CM 

6.3 

0.3 

Class A Amplifier 

6677/ 

6CL6^ 

Power Pentode 

6E 

9BV 

6.3 

0.65 

Class A Amplifier 

6678/ 

6U8A 4 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

6B 

9AE 

6.3 

0.45 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifiei 

6686 ♦ 

Power Pentode 

6E 

9AU 

6.3 

0.375 

Class A Amplifier 

6688A+ 

Sharp-Cutoff Pentode 

6A 

9EQ 

6.3 

0.3 

Class A Amplifier 

Wf* 

Twin Diode 

5A 

6BT 

6.3 

0.2 

Half-Wave Rectifier 

6922/ 

E88CC 4 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.3 

Class A Amplifier 

6977♦ 

Indicator Triode 

submin¬ 

iature 

6977 

1.0F 

0.03 

Logic Level Indicator 

7027 

Beam Power Tubs 

19F 

8HY 

6.3 

0.9 

Push-Pull Class ABi Amplifier 







Push-Pull Class ABi Amplifier 

7044♦ 

Medium-Mu Twin Triode 

6E 

9H 

6.3 

0.9 

Class A Amplifier 

7054♦ 

Power Pentode 

6B 

9GK 

13.5 

0.275 

Class A Amplifier 

7055* 

Twin Diode 

5B 

6BT 

13.5 

0.155 

Half-Wave Rectifier 

7056 ♦ 

Sharp-Cutoff Pentode 

5C 

7CM 

13.5 

0.15 

Class A Amplifier 

7057 ♦ 

Medium-Mu Twin Triode 

6B 

9AJ 

13.5 

0.18 

Class A Amplifier 

7058 ♦ 

High-Mu Twin Triode 

6B 

9EP 

13.5 

0.155 

Class A Amplifier 

7060* 

Medium-Mu Triode 
Power Pentode 

6B 

9DA 

13.5 

0.28 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifiei 

7061 ♦ 

Beam Power Tube 

6E 

9EU 

13.5 

0.21 

Class A Amplifier 

7167 4 

Sharp-Cutoff Tetrode 

5C 

7EW 

13.5 

0.09 

VHF Class A Amplifier 

7258 ♦ 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

6B 

9DA 

13.5 

0.21 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifiei 

7308♦ 

Medium-Mu Twin Triode 

6B 

9AJ 

6.3 

0.335 

Class A Amplifier 

7360 ♦ 

Beam Deflection Tube 

6E 

9KS 

6.3 

0.35 

Class A Amplifier 


♦ Industrial type 
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Grid Bias 


Screen 





Power 



or 


Grid 

Plate 

AC Plate 

Trans- 

Amplifi¬ 



RCA 


Cathode 

Screen 

Cur¬ 

Cur¬ 

Resist¬ 

conduct¬ 

cation 


Out¬ 


Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Type 

Volts 


Volts 

mA 

mA 

Ohms 

Micromhos 


Ohms 

Watts 



i 


190 

20012 

- -- - 200 13500 2.7 

(each unit) 

6336A 4 

150 

—5V 

- - 11 3900 4600 18 

(each unit) 

6350 ♦ 

300 

—21.5V 

200 1.2 30 - 3300 - 

10000 

plate to plate 

6360 ♦ 
6360A+ 

100 

20012 

- - 9.6 4250 4000 17 

- - 

6386 ♦ 



For other characteristics, refer to Type 5763 


6417 ♦ 



For other characteristics, refer to Type 6 AH 6 


6485 ♦ 



For other characteristics, refer to Type 0A2 


6626/ 
0A2WA♦ 



For other characteristics, refer to Type 6 BA 6 


6660/ 

6BA6+ 



For other characteristics, refer to Type 6 BJ 6 


6662/ 

6BJ6+ 



For other characteristics, refer to Type 6AL5 


6AL5 ♦ 
6663/ 



For other characteristics, refer to Type 6AB4 


6664/ 

6AB4^ 



For other characteristics, refer to Type 6 CB 6 A 


6676/ 

6CB6A 4 



For other characteristics, refer to Type 6 CL 6 


6677/ 

6CL6^ 



For other characteristics, refer to Type 6 U 8 A 


6678/ 

6U8A< 

210 

12012 

210 5.3 20 300000 11000 - 

15000 1 

6686 ♦ 

190 

63012 

160 3.3 13 90000 16500 ffjjjjj;? ™pp¥yVta 0 ge°= +9 volts 6688A» 

360 RMS (max.) each plate —DC Plate Current = 10 mA max. 


6887♦ 

100 

68012 

- - 15 - 12500 33 

(each unit) 

6922/ 

E88CC* 

50 

OV 
—3 V 

R g = 100,00012 5 ^ A - - - 

- - 

6977♦ 

450 

—30V 

350 3.4D 95 □ - - - 

6000 50f 


400 

380 

2000 

1800 

300 7D 112d - - - 

380 5.6n 138D - - - 

6600 32f 

4500 36| 

7027 

410 

2200 

- Cath. mA, 134 - - - 

8000 24f 


120 

—2V 

- - 36 1750 12000 21 

(each unit) 

7044 ♦ 



For other characteristics, refer to Type 8077/7054 


7054^ 


117 RMS each plate —DC plate current 9 mA. 


7055 ♦ 

200 

18012 

150 2.8 9.5 600000 6200 - 

- . - 

7056 4 

150 

22012 

- - 10 5300 6800 36 

(each unit) 

7057 ♦ 

250 

—2V 

- - 1.25 61000 1650 100 

(each unit) 

7058* 

150 

200 

15012 

8212 

- - 9 8200 4900 40 

125 3.4 15 150000 7000 - 

- - 

7060 ♦ 

200 

—10V 

200 9 35.5 60000 4200 - 

5000 3 

7061 ♦ 

125 

-IV 

80 1.4 10 125000 8000 

- - 

7167 ♦ 



For other characteristics, refer to Type 6 AN 8 A 


7258* 



For other characteristics, refer to Type 6922/E88CC 


7308 ♦ 

150 

each 

plate 

15012 

5400 

175 2.1 8.5 - both plates 

tied 

deflection electrode 
voltage = 25 volts 

7360* 

t For two tubes at : 

stated plate-to-plate load. 

□ For two 

tubes. 
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RCA 

Type 

Name 

Out¬ 

line 

Terminal 

Dia¬ 

gram 

Heater or 
Filament (F) 

Use 

Values to right give operat¬ 
ing conditions and character¬ 
istics for indicated typical use 





Volts 

Amperes 


7591 

Beam Power Tube 

13D 

8KQ 

6.3 

0.8 

Class A Amplifier 

Push-Pull Class ABi Amplifier 

7695 

Beam Power Tube 

13D 

9PX 

50 

0.15 

Class A Amplifier 

Push-Pull Class ABi Amplifier 

7.717/ 

6CY5+ 

Sharp-Cutoff Tetrode 

5C 

7EW 

6.3 

0.2 

Class A Amplifier 

7724/ 

14GT8+ 

Twin-Diode 

High-Mu Triode 

6B 

9KR 

14 

0.15 

Triode Unit as Class A Amplifier 

7788+ 

Pentode 

6B 

9NK 

6.3 

0.34 

Class A Amplifier 

7898 ♦ 

High-Mu Twin Triode 

6B 

9EP 

13.5 

0.15 

Class A Amplifier 

8058+ 

Nuvistor, High-Mu Triode 

1A1 

12CT 

6.3 

0.135 

Class A Amplifier 

8136+ 

Sharp-Cutoff Pentode 

5C 

7CM 

6.3 

0.3 

Class A Amplifier 

8203+ 

Nuvistor, Power Triode 

1 

12AQ 

6.3 

0.16 

Class A Amplifier 

8233+ 

Pentode 

11A 

9PZ 

6.3 

0.6 

Class A Amplifier 

8532+ 







8532/ 

6J4WA+ 

High-Mu Triode 

5C 

7BQ 

6.3 

0.4 

Class A Amplifier 

8532W+ 







sjg 

Nuvistor, Power Triode 

1A2 

12CT 

6.3 

0.15 

Class A Amplifier 

8628+ 

Nuvistor, High-Mu Triode 

1 

12AQ 

6.3 

0.1 

Class A Amplifier 

8808+ 

Nuvistor, High-Mu Triode 

1A3 

8808 

6.3 

0.34 

Class A Amplifier 

8950+ 

Beam Power Tube 

16E 

8950 

13.0 

1.1 

Class A Amplifier 

9001 + 

Detector Amplifier Pentode 

5F 

7BD 

6.3 

0.15 

Class A Amplifier 

9002+ 

Medium-Mu Triode 

5F 

7BS 

6.3 

0.15 

Detector; Amplifier, Oscillator 

9003+ 

RF Pentode 

5F 

7BP 

6.3 

0.15 

Class A Amplifier 

9005+ 

UHF Diode 

acorn 

5BG 

3.6 

0.165 

Half-Wave Rectifier 

9006+ 

UHF Diode 

5F 

6BH 

6.3 

0.15 

Half-Wave Rectifier 

EM84/ 

6FG6 

Electron—Ray Tube 

6F 

9GA 

6.3 

0.27 

Visual Indicator 


♦ Industrial type 


SAFETY PRECAUTIONS 

Electron tubes that operate at potentials exceeding several thousand 
volts may emit X-radiation. 

The high voltages associated with these devices result in production 
of X-radiation which may constitute a health hazard on prolonged exposure 
at close range unless the tube is adequately shielded. Equipment design 
must provide for this shielding. 
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Grid Bias 


Screen 

Plate 

Cur¬ 

rent 

AC Plate 
Resist¬ 
ance 

Trans- 

conduct¬ 

ance 

Power 


or 

Cathode 
Plate Resistor 

Screen 

Grid 

Grid 

Cur¬ 

rent 

Amplifi¬ 

cation 

Factor Load 

Out¬ 

put 

RCA 

Type 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos Ohms 

Watts 


300 —10V 

300 

8 

60 

29000 

10200 

- 3000 

11 

75Q1 

450 2000 

400 

11.50 

82Q 

— 

— 

. 9000 

28t 


130 —11V 

130 

5 

100 

7000 

11000 

— 1100 

4.5 

- 7GQS 

140 500 

140 

9Q 

210 ° 

— 

— 

- 1500 

iot 

IU9J 


For other characteristics, refer to Type 6CY5 


7717/ 

6CY5+ 


For other characteristics, refer to Type 14GT8 


7724/ 

14GT8+ 

135 3600 

165 

5 

35 

— 

50000 

58 - 

— 

7788* 

250 2000 

— 

— 

10 

10900 

5500 

60 (each unit) 

7898 ♦ 

110 470 

— 

— 

10 

5600 

12400 

70 

— 

8058+ 


For other characteristics, refer to Type 6DK6 


8136+ 

150 5600 

— 

— 

7 

5000 

6000 

30 — 

— 

8203+ 

125 —3V 

125 

5.5 

50 

20000 

45000 

- - 

— 

8233+ 









8532+ 

150 1000 

— 

— 

13.5 

4800 

11000 

52.5 - 

— 

8532/ 

6J4WA+ 









8532W+ 

110 470 

— 

— 

11.5 

5400 

13000 

70 - 

— 

8627+ 

8627A+ 

120 2000 

— 

— 

1.5 

41000 

3100 

127 - 

— 

8628+ 

200 680 

— 

— 

15 

6400 

18000 

100 — 

— 

8808+ 

175 —21V 

110 

2.0 

120 

— 

16000 

_ - 

— 

8950+ 

250 —3V 

100 

0.7 

2.0 

i m 
min. 

1400 

- - 

-- 

9001 + 

250 —7V 

— 

— 

6.3 

11400 

2200 

25 - 

— 

9002+ 

250 —3V 

100 

2.7 

6.7 

700000 

1800 

- - 

— 

9003+ 

117 RMS max. 




DC Output Current 1.0 mA max. 


9005+ 

270 RMS 




DC Output Current 5.0 mA 


9006+ 

Triode Plate Supply Volts, 250 Fluorescent-Target Volts, 250 

Triode-Plate Resistance, 1 MQ Triode-Grid Resistance, 0.47 MO 

Triode Grid-Supply Volts, —22 Triode Plate mA, 0.06 Fluorescent Target mA, 1.6 

Max. Length of Dark Part of Target, when triode grid resistor = 0. 1.14 inch 

EM84/ 

6FG6 


t For two tubes at stated plate to plate load. □ For two tubes. 


SAFETY PRECAUTIONS 

Precautions must be exercised during the servicing of equipment em¬ 
ploying these devices to assure that the high voltage is adjusted to the 
recommended value and that any shielding components are restored to 
their intended positions before the equipment is operated. 

Caution: Operation of this tube outside of the maximum values indicated 
may result in either temporary or permanent changes in the X- 
radiation characteristics of the tube. Equipment design must be 
such that these maximum values are not exceeded. 

Note: For Safety Precautions that apply to all tubes, refer to page 93. 
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Terminal Diagram Designations 
for Receiving Tubes 

HP HE following pages contain comprehensive listings of domestic and 
foreign entertainment and industrial receiving tubes cross-referenced to 
a particular terminal diagram designation. 

The first index gives the terminal diagram designations in numerical- 
alphabetical sequence and lists the tube types having the same diagram. 

The second index lists receiving tube types in numerical-alphabetical- 
numerical sequence and gives the terminal diagram designation for each 
type. 

These indexes can be used as an initial approach to tube interchange- 
ability for types not listed in the Replacement Guides. Identical terminal 
diagram designations, however, do not imply interchangeability. Before any 
interchangeability is attempted, a comparison must be made of all essential 
data, including maximum ratings, performance characteristics and mechani¬ 
cal characteristics. Many types listed in these indexes are currently in RCA’s 
line and data for them are included in this manual. For those tube types not 
currently in RCA’s line, it may be necessary to consult other data sources. 

The pin or terminal connections associated with the terminal diagram 
designations are given in the chart III. TERMINAL CONNECTIONS, im¬ 
mediately following the indexes. 

I. TERMINAL DIAGRAM DESIGNATION vs. TYPE NUMBER 


1AY2 

4CG 

40 

4R 

1AY2 

6AU4GT 

6A3 

GZ4A 

1AY2A 

6AU4GTA 

10 

0Z4G 


6AX4GT 

20 


3C 

6AX4GTB 

26 

4V 

1B3GT 

6CQ4 

30 

1C21 

1G3GT/1B3GT 

6DA4 

31 

0A4G 

1G3GTA/1B3GT 

6DE4 

40 


1J3 

6DM4A 

45 

5A 

1K3/1J3 

6GK17 

50 

27 

1K3A/1J3 

6W4GT 


37 

1N2A 

12AX4GT 

4F 


8016 

12AX4GTA 

-11 

5AA 

DY30 

12AX4GTB 


35Z4GT 

U41 

12D4 

4G 

117Z4GT 


12DM4 

IV 

U74 

4AA 

12DM4A 

A61 

U76 


1LE3 

4AJ 

0A3 

0A3A 

0C3 

0C3A 

0D3 

0D3A 

40 

5Z3 

80 

83 

4CB 

117Z3 


17AX4GT 

17AX4GTA 

17D4 

17DE4 

17DM4 

17DM4A 

19AU4 

19AU4GTA 

22DE4 

25AX4GT 

25W4GT 

40K 

5823 


40 


PY81 

PY83 

PY88 

PY800 

V153 


4K 


22 

32 


4M 


1A4P 

1B4P 

34 


2A3 


4R 


0Z4 


5AB 

7Y4 

7Z4 

5AC 

7B4 

14A4 

5AD 

1LA4 

1LB4 

5AG 

1LH4 

5AL 

35Y4 


5AM 

45Z3 

5AP 

1A3 

DA90 

5AY 

6D4 

5B 

47 

5BC 

955 

5BE 

959 

5BG 

9005 

5B0 

5651A 

5651WA 

6073 

6073/0A2 

6074 

6074/0B2 

6626/0A2WA 

0A2 

0A2WA 

0B2 

0B2WA 

0C2 
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5BQ 

5E 

35W4 

35 

36 AM 3 

36 

36AM3A 

36AM3B 

15 

50DC4 

5F 

HY90 

38 


39/44 

5BS 

5K 

6X4 

6X4W 

1F4 

12X4 

33 

6202 

5L 

EZ90 

EZ900 

5V4G 

HZ90 

5V4GA 

U78 

5M 

U707 

VSM70 

6F5 

6F5GT 

5BT 

6BG.6G 

12F5GT 

H63 

6CD6G 

6CD6GA 

6DN6 

6EX6 

19BG6G 

19BG6GA 

50 

5X4G 

5Y4G 

5Y4GA 

5Y4GT 

21EX6 

25CD6GA 

25CD6GB 

25DN6 

5R 

1D5GT 

1G4GT 

25EC6 

5$ 


1H4G 

5C 

6B4G 

46 

49 

6485 

8136 

5T 

2T4 

5AS4 

5AS4A 

5CE 

5AU4 

5AW4 

6AB4 

5AZ4 

6664/6AB4 

5R4GB 

EC92 

5R4GYB 

5U4G 

5D 

5U4GB 

6Z4 

5V3 

84/6Z4 

5V3A/5AU4 

5W4 

5DA 

5W4GT 

5AR4/GZ34 

5Y3G 

GZ32 

5Y3GT 

GZ34 

5Z4 

GZ37 

2076/5R4GB 

R-52 

GZ30 

U54 

RJ2 

U70 

U50 

U52 

5DE 

3DG4 

5U 

6K5GT 

5E 

5Y 

24A 

1D5GP 


5Y 

6AM 

1E5GP 

25CU6 

1N5GT 

HD94 

1P5GT 

HD96 

DF33 

Z14 

6AR 

1L4 

5Z 

1T4 

1H5GT 

1U4 

HD14 

DE91 

DF904 

6A 

48 

W17 

6AS 

6AA 

6B5 

7A5 

7C5 

6AU 

14A5 

14C5 

32A5 

1S5 

AD17 

DAF91 

50A5 

EL22 

KT81 

6AX 

1LD5 

N148 

6B 

6AB 

2A5 

41 

6SF5 

42 

12SF5 

12SF5GT 

43 

6AD 

6BA 

3LF4 

35Z5GT 

45Z5GT 

6BG 

6AE 

6C4 

EC90 

111 

M8080 

QA2401 

QL77 

V741 

7B5 

6AF 

1Q5GT 

6AM 

6BQ6GT 

6BQ6GTB/6CU6 

6CU6 

6BH 

9006 

6DQ6A 

6BS 

6DQ6B 

2050 

6GB3A 

2050A 

6GB6 


6GB7 

6BT 

6GW6 

3AL5 

6GW6/6DQ6B 

6AL5 

12BQ6GTB/12CU6 

12AL5 

12CU6 

5726 

12DQ6A 

6663/6AL5 

12DQ6B 

6887 

12GB3 

7055 

12GB6 

D2M9 

12GB7 

D63 

12GW6/12DQ6B 

D152 

17BG6GTB 

EAA91 

17DQ6A 

EB91 

17GB3 

FAA91 

17GW6/17DQ6B 

HAA91 

25BQ6GT 

QA2404 

25BQ6GTB/25CU6 

XXA-91 


6BW 

1DN5 

1U5 

DAF92 

6BX 

3V4 

DL94 

N19 

6C 

19 

6CC 

6AR5 

6CE 

5663 

6CK 

6AU5GT 

6AV5GA 

6AV5GT 

6FW5 

12AV5GA 

25AV5GA 

6CN 

6BY5GA 

6C0 

6012 

6D 

25B5 

6E 

6AJ8/ECH81 

25Y5 

25Z5 

6EC4 

6EC4/EY500 

42EC4A/PY500 

EY500 

PY500 

6F 

6C6 

6D6 

78 

6G 

2A6 

12Z3 

75 

6K 

6Z5 

6L 

1A6 

1C6 
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6M 

7AC 

7AV 

7BF 

7BT 

1B5/25S 

6W6GT 

1S4 

5964 

3AV6 


6Y6GA/6Y6G 

DL91 

ECC91 

4AV6 

6Q 

7EY6 


M8081 

6AQ6 

6AC5GT 

12EN6 

7 AW 

T2M05 

6AT6 

6C5 

12L6GT 

1619 


6AV6 

6C5GT 

12V6GT 


7BK 

6BF6 

6J5 

12W6GT 

7AX 

3AU6 

12AE6 

6J5GT 

25C6G 

6AE7GT 

3BA6 

12AE6A 

6L5G 

25L6 


4AU6 

12AJ6 

6P5GT 

25L6GT/.25W6GT 

7AZ 

6AH6 

12AT6 

12J5GT 

25W6GT 

6SF7 

6AH6WA 

12AV6 

25AC5GT 

35L6GT 

12SF7 

6AK6 

12BF6 

884 

50C6G 


6AU6 

12FK6 

L63 

50L6GT 

7B 

6AU6A 

12FM6 

L63B 

7408 

6A6 

6AU6WB 

18FY6 


7581A 

6E6 

6BA6/EF93 

18FY6A 

6R 

EL37 

53 

6BD6 

26C6 

2E5 

KT-32 


6HR6 

DH77 

6AB5/6N5 

KT.66 

7 BA 

6HS6 

EBC90 

6E5 

KT71 

3Q4 

12AC6 

EBC91 

6U5 

OSW3106 

3S4 

12AF6 

HBG90 

EM35 

TUP 

DL92 

12AU6 

10DAC 

HBC91 


OSW3110 

Y61 


7AB 

1G6GT 

1J6G 

1J6GT 


7AG 

6AD6G 

6AF6G 

7AH 

6AE6G 


7AP 

3Q5GT 

DL33 

N16 


7BD 

3BC5 

3BC5/3CE5 

3CE5 

4BC5 

6AG5 

6AK5/EF95 

6AN5 

6BC5/6CE5 

6CE5 

6RHH2 

408A 

5654 

6186 

9001 

9003 

DP61 

EF95 

EF96 

EF905 

PM05 


12BD6 

12BL6 

12CX6 

12DZ6 

12EA6 

12EK6 

12EK6/12DZ6/ 

12EA6 

18GD6A 

19HR6 

19HS6 

19MR9 

26A6 

5749 

6660/6BA6 

7543 

EF93 

EF94 

HF93 

HF94 

M8108 

PM04 

W727 

XF94 

7BN 

2D21 

5696 

5696A 

5727 


7BZ 

5AQ5 

6AQ5 

6AQ5A 

6BF5 

6DS5 

6HG5 

6HR5 

11DS5 

12AQ5 

35B5 

50B5 

6005 

6669/6AQ5A 

BPM04 

EL90 

M8245 

N727 


7CC 

18FW6 

18FW6A 


5V6GT 

7AQ 


7BQ 

6J4 

8532 

3BY6 

<6EY6 

1LC5 

7BF 

3CS6 

6EZ5 


5J6 

4CS6 

6L6 

7AT 

5MHH3 

6BE6 

6L6G 

1R5 

616 

7BR 

6BY6 

6L6GB 

DK91 

6J6A 

6CS6 

6L6GC 

X17 

6J6WA 

6F4 

12AD6 

6V6 


6MHH3 


12BE6 

6V6GT 

7AU 

19J6 

7BS 

12EG6 

6V6GTA 

6N6G 

5844 

9002 

12GA6 
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7CH 

7CV 

7E 

7FP 

7R 

18FX6 

12CN5 

6F7 

6FQ5A 

6J7 

18FX6A 

12CU5/12C5 


6FY5/EC97 

6J7G 

26D6 

12ED5 

7EA 

6GK5/6FQ5A 

6J7GT 

5750 

12EH5 

6CR6 

EC95 

6K7 

5915 

12FX5 

12CR6 

EC97 

6K7G 

EH90 

17C5 


PC95 

6K7GT 

EK90 

17CU5/17C5 

7EG 

XC95 

6S7 

HK90 

19FX5 

2BN4 

XC97 

6S7G 

HM04 

25C5 

2BN4A 

YC95 

6U7G 

111 

25CA5 

3BN4 

7FQ 

6W7G 

mi 

25EH5 

3BN4A 

12J7GT 

mi 

25F5A 

6BN4 

6FV6 

12K7GT 


32ET5 

6BN4A 

7FZ 

35GL6 

50HC6 

50HK6 

1620 

7CK 

32ET5A 


A863 

12U7 

34GD5 

7EK 

EF37 


34GD5A 

12K5 

KTW63 

7CM 

35C5 


KTZ63 

3BZ6 

35EH5 

7EN 

7G 

W61 

3GB6/3CF6 

50C5 

3DT6 

6C7 

W63 

3CF6 

50EH5 

3DT6A 

Z63 

3DK6 

50FK5 

4DT6 

7GA 


4BZ6 

60FX5 

4DT6A 

2FS5 

7S 

4CB6 

HL92 

5GX6 

2GU5 

6DG6GT 

4DE6 


5HZ6 

3FS5 

6F6 

4DK6 

7CY 

6DT6 

6FS5 

6F6G 

4EW6 

3B4WA 

6DT6A 

6GU5 

6F6GT 

4GM6 

4JH6 

4LU6 

5EW6 

5GM6 

5JK6 

5JL6 

6AS6 

6BH6 

6BJ6 

6BZ6 

6CB6A/6CF6 

6CF6 

6DC6 

6DE6 

6DK6 

6GZ5 

70 

2B7 

6B7 

6B7S 

7DC 

1L6 

7DF 

3BN6 

4BN6 

6BN6/6KS6 

6KS6 

12BN6 

6GX6 

6GY6 

6GY6/6GX6 

6HZ6 

7EW 

2CY5 

3CY5 

3EA5 

4CY5 

6CY5 

6EA5 

6EV5 

7167 

7717/6CY5 

7GM 

2HA5 

2HM5/2HA5 

2HQ5 

3HM5/3HA5 

3HQ5 

4HA5 

4HA5/PC900 

4HQ5 

6HA5 

6HA5-S 

6HK5 

6HM5/6HA5 

6HQ5 

EC 900 

6G6G 

6K6GT 

12A6 

25A6 

25A6GT 

25B6G 

1613 

1614 
1621 
1622 
5824 
5881 
6550 
8417 
EM840 
KT-63 
N63 

6EW6 


7F 

LC900 

6GM6 

7DK 

PC900 

6JH6 

2AF4A/2AF4B 

12A5 

XC900 

7T 

6JK6 

2AF4B/2DZ4 

7FB 

7GW 

12AW6 

2DZ4 

6L7 

12BZ6 

3AF4A 

12EL6 

17DQ6B 

6L7G 

12DK6 

3AF4A/3DZ4 

7FL 

7H 

1612 

5725 

3DZ4 

6D7 

6E7 


6661/6BH6 

6AF4 

2EN5 

7U 

6662/6BJ6 

6AF4A 

7FP 

6P7G 

6676/6CB6A 

6AN4 

7K 

7056 

6DZ4 

2ER5 

12A7 

7V 

EF190 

6T4 

2FH5 


EC94 

2FQ5A 

7Q 

6B6G 

7CV 


2GK5/2FQ5A 

6H6 

6Q7 

4GZ5 

7DQ 

3ER5 

6H6GT 

6Q7G 

6AS5 

6DL5 

3FH5 

12H6 

6Q7GT 

6CA5 

6DL5/EL95 

3GK5 

25Z6 

6R7 

6CU5 

EL95 

4GK5 

25Z6GT 

6R7G 

6EH5 


6ER5 

50Y6GT 

6R7GT 

12C5 

7DX 

6ES5 

117Z6GT 

6T7G 

12CA5 

50X6 

6FH5 

EB34 

6V7G 
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7V 

8B 

8C 

8ET 

8K 

12Q7GT 

6N7 

1E7GT 

6CA7/EL34 

6K8 

DH03 

6N7GT 


6CZ7 

6K8G 


6Y7G 

8CB 

EL34 

6K8GT 

7W 

6Z7G 

6S8GT 


12K8 

25N6G 

1635 

12S8GT 

8EZ 





3A3 

8KB 

7Z 

8BD 

8CH 

m/m 

6FE5 

1A7GT 

6AS7G 

6AL7GT 

3A3A/3B2 

50FE5 

1B7GT 

6BL7GT 


3A3B 


1C7G 

6BL7GTA 

8CJ 

3A3C 

8KN 

1D7G 

6BX7GT 

5670 

3AW3 

7355 


6DN7 

6386 

3CZ3 


8A 

6EA7 


3CZ3A 

8KQ 

6A8 

6EM7/6EA7 

8CK 


7591 

6A8G 

6GL7 

6AQ7GT 

8F 

7591A 

6A8GT 

6SL7GT 

ECL180 

25A7GT 


6D8G 

6SN7GT 



8KS 

12A8GT 

6SN7GTA 

8CN 

8FU 

5DJ4 

PH4 

6SN7GTB 

1E8 

6BD4 


X63 

10EG7 


6BD4A 

8LY 


10EM7 

8CP 


8417 

8AA 

12SL7GT 

1AC5 

8G 


70L7GT 

12SN7GT 

1AD5 

6C8G 

8MG 


12SN7GTA 


6F8G 

50JY6 

8AC 

12SX7GT 

8CT 



7F7 

13EM7 

6BA7 . 

8GB 

8MH 

7N7 

13EM7/15EA7 

12BA7 

6BL4 

3CA3 

14AF7 

5691 



3CA3A 

14F7 

5692 

8DA 

8GC 


14N7 

6080 

1T6 

6BK4 

8MK 


6080WA 


6BK4A 

3CU3A 

8AD 

6082 

8DC 

6BK4B 


6SA7GT 

6336A 

5636 

6BK4C/6EL4A 

8ML 

12SA7GT 

B36 

6206 

6EL4 

6LH6A 

8AE 

B65 

ECC32 

8DE 

8GD 

8MQ 

111 

ECC35 

5639 

6CB5 

6LJ6 

7R7 


5840 

6CB5A 

6LJ6A/6LH6A 

9U8A 

8BE 

5899 



14E7 

12AH7GT 

5902 

8GH 

8MT 

14R7 



3B2 

3CX3 


8AN 

50Y7GT 

50Z7G 

8A0 

117L7/M7GT 

8AS 

3A8GT 

8AV 

117N7GT 

117P7GT 

8AY 

6AD7G 


8BK 

6SG7 

6SH7 

12SG7 

12SH7 


8BU 

26A7GT 


8GT 

25E5/PL36 


8HY 

7027 

7027A 


8MU 

2CN3A 

3CN3A 

3CN3B 

8MX 

3DB3 

3DB3/3CY3 

3DJ3 

8MY 

3DA3/3DH3 


8EL 

6AH4GT 
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6SJ7 

6SJ7GT 

6SJ7Y 

6SK7 

6SK7GT 

6SS7 

12SJ7 

12SJ7GT 

12SK7 

12SK7GT 

5693 

KT77 

0SW3111 

8NB 

26HU5 

8NC 

26LW6 

8ND 

1DG3 

1DG3A 

8NJ 

6EN4 

8NL 

3DR3 

3DS3 

8NP 

16 MA 6 


6AE5GT 

6SQ7 

6SQ7GT 

6SR7 

6ST7 

6SZ7 

12SQ7 

12SQ7GT 

12SR7 

12SR7GT 

12SW7 

0BC3 

OSW3105 


6SA7 

6SB7Y 

12SA7 

12SY7 

0SW3104 

8 $ 

6SC7 

12SC7 

8T 

12B8GT 

25B8GT 

8U 

7A8 


7A7 

7AD7 

7AG7 


7AH7 

7B7 

7C7 

7G7 

7L7 

7V7 

14A7 

14C7 

14H7 

EF22 

W81 

W143 

W148 

8W 

7B6 

7C6 

7E6 

14B6 

14E6 

8X 

14B8 

8Y 

6AG4Y 

6AG7 

8Z 

32L7GT 


6AU7 

7AU7 

9AU7 

12AE7 

12AT7/ECC81 

12AT7WA 

12AT7WB 

12AU7 

12AU7A/ECC82 

12AV7 

12AX7 

12AX7A/ECC83 

12AY7 

mn 

12AZ7A 

12BH7 

12BH7A 

12BZ7 

12DW7 

12FV7 

5751 

5814A 

5963 

5965 

6072 

6189 

6211 

6679/12AT7 


9A 

6680/12AU7A 

6681/12AX7A 

7025 

7247 

B152 

B309 

B329 

B339 

B739 

B749 

B759 

E81CC 

E82CC 

E83CC 

ECC81 

ECC82 

ECC83 

ECC186 

ECC801 

ECC802 

ECC803 

M8136 

M8137 

M8162 

PCC18 

QA2406 

QB309 

XCC82 

9AC 

6S4 

6S4A 

9AD 

5879 

9AE 

5EA8 

5GH8A 

5KD8 

5U8 

6 AX 8 

6 EA 8 

6 GH 8 

6 GH 8 A 

6 GJ 8 

6 HL 8 

6 KD 8 

6 LM 8 

6 MQ 8 

6 MU 8 

6 U 8 

6 U 8 A/ 6 KD 8 

9EA8 

9GH8A 

9JW8/PCF802 

19EA8 

6678/6U8A 

7059 

CXF80 

ECF82 

ECF802 

LCF802 

PCF802 


9AG 

12B4A 

9AJ 

4BC8 

4BQ7A 

4BQ7A/4BZ7 

4BS8 

4BZ7 

4ES8/XCC189 

4KN8/4RHH8 

4RHH2 

5BK7A 

5BQ7A 

5ES8/YCC189 

6 AQ 8 

6AQ8/ECC85 

6 BC 8 / 6 BZ 8 

6BK7A 

6BK7B 

6BQ7 

6BQ7/6BZ7/6BS8 
6 BS 8 
6BZ7 
6 BZ 8 

6 DJ 8 /ECC 88 
6 DT 8 

6ES8/ECC189 
6 JK 8 

6 KN 8 / 6 RHH 8 
9AQ8/PCC85 
12DT8 
17EW8 

17EW8/HCC85 
6922/E88CC 
7057 
7308 
B719 
ECC85 
ECC 88 
ECC180 
ECC189 
HCC85 
PCC85 
XCC189 
YCC189 
YCL180 

9AK 

5X8 
6 X 8 A 
19X8 

9AQ 

3EH7 

3EH7/XE183 
3EJ7 

3EJ7/XF184 
4EH7/LF183 
4EJ7/LF184 
6EH7/EF183 
6EJ7 

6EJ7/EF184 
EF183 
EF184 


9AQ 

EF811 

EF814 

LF183 

LF184 

XF183 

XF184 

YE183 

YF184 

9AU 

6686 

9AX 

6BC7 

6BJ7 

9BD 

6V3A 

EY81F 

9BF 

11HM7 

12BV7 

12BY7 

12BY7A/12BV7/ 

12DQ7 

12DQ7 

12G1M7 

12GN7A 

12HG7 

12HG7/12GN7A 

12HL7 

EL180 

9BL 

7189 

9BQ 

6BK5 

12BK5 

25BK5 

9BV 

6 CL 6 

6197 

6677/6CL6 

9BX 

6AM4 

9CA 

6 AJ 8 

9CB 

6AF3 

6AL3 

6AL3/EY88 

6BR3/6RK19 

6RK19 

12AE3/12BR3/ 

12RK19 

12BR3 

12RK19 

16AQ3 

16AQ3/XY88 

17BR3 

17BR3/17K19 

17RK19 
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9CB 

17Z3/PY81 

20AQ3/LY88 

30AE3/PY88 

34R3 

EY88 

LY88 

XY88 

9CF 

9BR7 

12BR7 

9CK 

6CM6 

6DW5 

90V 

6BQ5/EL84 

6CW5 

6CW5/EL86 

88Q5 

8CW5/XL86 

10BQ5 

10CW5 

10CW5/LL86 

15CW5 

15CW5/PL84 

EL84 

EL86 

LL86 

M709 

PL84 

XL84 

XL86 

9CY 

5AM8 

6AM8 

6AM8A 

6HJ8 

9CZ 

6350 

9DA 

5AN8 

6AN8 

6AN8A 

10C8 

12CT8 

7060 

7258 

9DC 

4BL8 

4BL8/XCF80 

4KE8 

5JW8 

5KE8 

6BL8 

6BL8/ECF80 

6JW8/ECF802 

6KE8 

6LN8 

6LN8/LCF80 

6LX8/LCF802 


900 

6MG8 

8A8 

9A8 

9A8/PCF80 

ECF80 

LCF80 

LZ319 

LZ329 

PCF80 

XCF80 

9DE 

4RHH8 

6RHH8 

ECC89 

90J 

6BW4 

12BW4 

9DP 

6AR8 

6JH8 

9DR 

6BC4 

90S 

5AS8 

6AS8 

9DT 

1RK23 

1S2A/DY87 

3A2 

3A2A 

DY87 

90W 

5AT8 

6AT8 

6AT8A 

9DX 

6AU8 

6AU8A 

6AW8 

6AW8A 

6BA8A 

6BH8 

6CX8 

6EB8 

6GN8 

6HF8 

6HZ8 

6JE8 

6JT8 

6JV8 

6KR8 

6KV8 

6LB8 

6LF8 

6LQ8 

6LY8 

6MV8 

8AU8 


9DX 

8AW8A 

8BA8A 

8BH8 

8CX8 

8EB8 

8GN8 

8JV8 

10GN8 

10HF8 

10JA8/10LZ8 

10JT8 

10JY8 

10KR8 

10LB8 

10LW8 

L0LY8 

10LZ8 

11JE8 

UKV8 

11LQ8 

PCF82 

9DZ 

5AV8 

9E 

5T8 

6AK8/EABC80 

6T8 

6T8A 

19T8 

DL012 

EABC80 

9EC 

5B8 

9ED 

6AZ8 

9EF 

6CS7 

8CS7 

9EG 

5BE8 

5DH8 

9EN 

6CN7 

8GN7 

9EP 

7058 

7898 

9EQ 

6688A 

9ER 

6BJ8 

6BN8 

8BN8 

9ES 

6CM7 

8CM7 


9EU 

6GC5 

12AB5 

6973 

7061 

9EX 

6BM8/ECL82 

8B8 

11BM8 

16A8/PCL82 

50BM8/UCL82 

ECL82 

LCL82 

LN119 

N369 

PC 182 

UCL82 

UCL83 

9FA 

5BR8 

5BR8/5FV8 

5FV8 

5MB8 

6BR8 

6BR8A 

6FV8 

6FV8A 

6JN8 

mm 

12EC8 

12JN8 

19HV8 

19JN8/19CL8A 

9FE 

5BT8 

9FG 

3BU8/3GS8 

3HS8 

4BU8 

4BU8/4GS8 

4HS8 

4MK8 

6BU8 

6HS8 

6MK8 

6MK8A 

9FH 

12F8 

9FJ 

6BV8 

9FK 

17H3 

9FN 

6BY8 

EF80 


9FT 

6CH8 

9FX 

5CL8 

5CL8A 

6CL8 

6CL8A 

9CL8 

19CL8A 

9FZ 

5KZ8 

6CM8 

6KZ8 

9KZ8 

9G 

5686 

9GA 

6FG6/EM84 

6HU6/EM87 

EM84 

EM87 

9GC 

12J8 

9GE 

5CQ8 

6CQ8 

9GF 

4LJ8 

5CG8 

5FG7 

5GS7 

5U8 

6CG8 

6CG8A 

6FG7 

6GS7 

6U8 

7GS7 

9GK 

6GK6 

7KY6 

9KX6 

9LA6 

10GK6 

16GK6 

7054 

8077/7054 

PCL800 

9GM 

6CU8 

9GR 

6DB5 

12DB5 

9GS 

12AL8 
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9H 

5687 
7044 

9HE 

6DC8 

6DC8/EBF89 
EBF85 
EBF89 

9HF 

6DE7 
6DR7 
6EW7 
6FD7 
9RAL1 
10DE7 
10DR7 
10EW7 
13DE7 
13DR7 
13FD7 

9H6 

12DE8 

9HK 

5BW8 
6BW8 

9HL 

6939 

9HN 

5CZ5 
6CZ5 
6DT5 
6EM5 
8EM5 
12DT5 

9HP 

6AY3 
6AY3B 
6BA3 
6BH3 
6BH3A 
6BS3 
6BS3A 
6CH3 

6CJ3/6CH3 
6CK3 
6CL3 

6CL3/6CK3 
6CM3 
6DN3 
6DW4 
6DW4B 
12AY3 
12AY3A 
12BS3 
12BS3A/12DW4A 
12CL3 
12DW4A 


9HP 

17AY3 

17AY3A 

17BH3 

17BS3 

17BS3A/17DW4A 

17CK3 

17DW4A 

22BH3 

22BH3A 

25CK3 

9HR 

12DL8 

12DV8 

9HV 

12EM6 

9HX 

6DX8 

6DX8/ECL84 

10DX8 

10DX8/LCL84 

15DQ8/PCL84 

ECL84 

LCL84 

9HZ 

12DK7 

9JD 

12DY8 

9JE 

35DZ8 

9JF 

5EU8 

6EU8 

9JG 

6EH8 

9JT 

7199 

9JU 

12DS7 

12DS7A 

9K 

5763 

6417 

9KA 

6EZ8 

19EZ8 

9KP 

6FH8 

9KR 

6FM8 

14GT8 


9KR 

14JG8 

7724/14GT8 

9KS 

7360 

9KT 

12FQ8 

9KU 

12FR8 

9KV 

12FX8 

12FX8A 

9LG 

6CY7 

11CY7 

9LK 

7551 

7558 

9LP 

6CG7 

6EV7 

6FQ7 

6FQ7/6CG7 

6GU7 

8CG7 

8FQ7 

8FQ7/8CG7 

8GU7 

12FQ7 

9LQ 

6EQ7 

6KL8 

12EQ7 

12KL8 

20EQ7 

9LS 

6EU7 

9LT 

6ET7 

6KU8 

8ET7 

10KU8 

9LW 

3GS8/3BU8 

3GS8 

4GS8 

4GS8/4BU8 

9LY 

6GV8 

6GV8/ECL85 

9GV8 

9GV8/XCL85 


9LY 

10GV8/LCL85 

11MS8 

18GV8/PCL85 

19KG8 

ECL85 

LCL85 

PCL85 

XCL85 

9LZ 

6GW8/ECL86 

ECL86 

9M 

6CA4 

EZ4 

U709 

UU12 

9MB 

6GY8 

9MP 

5HG8 

5HG8/LCE86 

6HG8 

6HG8/ECE86 

7HG8 

7HG8/PCF86 

ECF86 

LCF86 

PCF86 

9MQ 

6GM5 

9MR 

6FA7 

9NH 

6GB5 

6GB5/EL500 

13GB5 

13GB5/XL500 

17BB14 

18GB5/LL500 

27GB5/PL500 

EL500 

LL500 

PL500 

XL500 

9NJ 

6HU8/ELL80 

9NK 

7788 

9NW 

6HA6 

6HB6/6HA6 

9NY 

6DL4/EC88 

EC88 


9NZ 

6GT5 

6GT5A 

12GT5 

12GT5A 

17GT5 

17GT5A 

7868 

9PA 

6JC8 

9PB 

7905 

9PG 

20EZ7 

9PL 

8106 

9PM 

3JC6 

3JC6A 

3JD6 

3KT6 

4HM6 

4HT6 

4JC6A 

4JD6 

4KT6 

6HM6 

6JC6A 

6JD6 

6KT6 

9PQ 

6JU8 

6JU8A 

8JU8A 

9PV 

6KA8 

8KA8 

9PX 

7695 

9PZ 

8233 

9QA 

4GJ7/XCF801 

4GX7 

5GJ7/LCF801 

5GX7 

5HB7 

6GJ7 

6GJ7/ECE801 

6GX7 

6HB7 

6HD7 

8GJ7 

8GJ7/PCF801 

EGF801 

LCF801 

PCE801 

XCF801 
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9QD 

6GF7 

6GF7A 

10GF7 

10GF7A 

13GF7 

13GF7A 

9QG 

6KM8 

9QJ 

5BC3 

5BC3A 

9QK 

6GJ5 

6GJ5A 

12GJ5 

12GJ5A 

17GJ5 

17GJ5A 

9QL 

6JB6 

6JB6A 

6JE6 

6JE6A 

6JF6 

.6JU6 

6KM6 

6LQ6/6JE6B 

6LQ6/6JE6C 

6LZ6 

6ME6 

6MJ6/6LQ6/ 

6JE6G 

12JB6 

12JB6A 

17JB6 

17JB6A 

17JF6 

22JF6 

22JU6 

22KM6 

24JE6A 

24LQ6/24JE6C 

24LZ6 

31LQ6 

31LZ6 

36MC6 

9QM 

6GQ7 

19GQ7 

9QP 

6KT8 

9QT 

6KY8 

6KY8A 

6LR8 

15KY8 

15KY8A 

17LD8 


9QT 

21LR8 

31LR8 

9QU 

6JG6 

6JG6A 

6JR6 

6JT6 

6JT6A 

6KV6 

6KV6A 

12JT6 

12JT6A 

17JG6 

17JG6A 

17JT6 

17JT6A 

17KV6A 

22JG6 

22J36A 

22JR6 

22KV6A 

33JR6 

9QY 

6LC8 

8LC8 

9QZ 

6LE8 

10LE8 

15LE8 

9RA 

6JQ6 

12JQ6 

17JQ6 

9RF 

9KC6 

9RG 

1BC2 

1BC2A 

1BH2 

1BH2A 

9RJ 

6KG6A/EL509 

21KQ6 

29KQ6/PL521 

29LE6 

40KG6A/PL509 

EL509 

PL509 

PL521 

9RL 

6LT8 

8LT8 

11LT8 

9RQ 

6MD8 

12MD8 


9RT 

2BJ2 

2BJ2A 

9RU 

6ME8 

9RX 

12CT3 

17CT3 

25CT3 

9SB 

25HX5 

9SG 

6DK3 

9U 

1V2 

2AV2 

9V 

5842/417A 

9X 

5847/404A 


1AX2 
1X2 A 

1X2B/1X2A 

1X2C 

DY80 

R-19 

10F 

6C9 

17C9 

10K 

5U9/LCF201 

6U9/ECF201 

6X9/ECF200 

ECF200 

ECF201 

LCF201 

10L 

6AF9 

:SY9/EFL200 

11AF9 

11Y9 

11Y9/LFL200 

17Y9 

LFL200 

12AQ 

2CW4 

2DS4 

2EG4 

6CW4 

6DS4 

13CW4 


12AQ 

7586 
7895 
8056 
8203 
8393 
8628 

12AS 

7587 

12BF 

6B10 

8B10 

12BJ 

6GE5 

6GF5 

6HB5 

12GE5 

17GE5 

21HB5 

21HB5A 

12BL 

6AX3 

6BJ3 

12AX3 

12BT3 

17AX3 

12BM 

6FJ7 

12BQ 

6C10 

6D10 

ECH42 

X150 

12BT 

6J10 

6Z10/6J10 

10Z10 

13J10 

13Z10 

13Z10/13J10 

17AB10/17X10 

17X10 

12BU 

6AL11 

6G11 

10AL11 

12AL11 

12BW 

6J11 

12BY 

6AV11 

6K11 

6K11/6Q11 

6Q11 
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12CA 

6M11 

16BX11 

12CT 

8058 

8627 

12DA 

6AG11 
6 AY 11 

12DG 

2AH2 

12DM 

6AR11 

8AR11 

mu 

8CB11 

11AR11 

11BQ11 

16BQ11 

12DP 

6AF11 

6AS11 

6BD11 

15AF11 

15BD11 

15BD11A 

12DR 

6GV5 

6GY5 

16GY5 

17GV5 

21GY5 

120Z 

6JZ8 

6LU8 

6MF8 

13JZ8 

15MF8 

16LU8A 

17JZ8 

21LU8 

23JZ8 

24JZ8 

25JZ8 

12EA 

2DV4 

6DV4 

12EJ 

6FM7 

13FM7 

13FM7/15FM7 

15FM7 

12E0 

6FY7 
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12E0 

11FY7 

15FY7 

12ER 

6BA11 

8BA11 

12ES 

12HE7 

12EV 

6JB5/6HE5 

12EW 

2 AS 2 
2AS2A 

12EY 

6HE5 

6JA5 

5JB5 

10JA8 

12EZ 

6AD10 

6BF11 

6BY11 

6T10 

10T10 

12AE10 

12BF11 

12T10 

13V10 

17BF11 

18AJ10 

24BF11 

12FA 

6EA4 

6EH4A 

6EH7 

12FB 

6HF5 

12FC 

33GT7 


12FK 

6JN6 

12JN6 

17JN6 

21JV6 

33JV6 

12FL 

6HJ5 

21HJ5 

12FM 

6T9 

12FN 

33GY7 

33GY7A 

50GY7A 

12FP 

6BH1I 

8BU1I 

12FQ 

4HA7 

4HA7/4HC7 

5HA7 

12FR 

4HC7 

12FS 

38HE7 

38HK7 

53HK7 

12FU 

8BM11 

9BJ11 

12FV 

3AT2 

3AT2B 

3BN2 

3BN2A 


12FY 

30MB6 

31JS6A 

31JS6C 

35LR6 

12GA 

6BE3/6BZ3 

12BE3 

17BE3/17BZ3 

12GC 

14BL11 

12GD 

6JZ6 

21JZ6 

30JZ6 

12GF 

6BN11 

8BN11 

12GH 

21KA6 

12GJ 

6LB6 

12GK 

34CE3 

12GL 

14BR11 

12GS 

11BT11 

11CH11 

12GU 

6KN6 

42KN6 

12GV 

1AD2 

1AD2A 


12GY 

6HV5A 

6HZ5 

6HZ5/6JD5 

12GZ 

16AK9 

23Z9 

12HA 

3AW2 

3AW2A 

12HB 

6BV11 

12BV11 

12HC 

6EJ4A 

12HD 

6BW11 

12HE 

6AG9 

8AL9 

12HF 

6BW3 

6CD3 

6CE3 

6CG3/6CE3/ 

6CD3/6BW3 

19CG3 

25CG3 

12HG 

6MJ8 

12HJ 

6AH9 

9AH9 

12HK 

3BL2 

3BL2A 

3BM2 


12HU 

6MN8 

9MN8 

12HW 

11CF11 

12HX 

19DE3 

12HY 

3BS2A 

3BT2 

3BW2 

3BW2/3BS2A/ 

3BT2 

12JA 

26LX6 

12JB 

2BU2 

2BU2/2AH2 

12JE 

6JH5 

12JH 

12JF5 

17HB25 

17HB25 

407A 

407A 

991 

991 

5642 

5642 

5672 

5672 

5678 

5678 

5734 

5734 


12FE 

6AC10 

6AK10 

6U10 

8AC10 

9AK10 

9AM10 

12AC10A 

12FJ 

6JM6 

6JM6A 

17JM6A 


12FX 

17BW3 

17BZ3 

22BW3 

12FY 

6JS6 

6JS6A 

6JS6C 

6LR6 

21JS6A 

23JS6A 


12GW 

6KD6 

6LF6 

20LF6 

30KD6 

36KD6 

36KD6/40KD6 

40KD6 

12GY 

6HS5 

6HV5 


12HL 

21LG6 

21LG6A 

12HN 

11CA11 

12HR 

31AL10 

12HT 

32HQ7 


5783 

5783 

6360A 

6360A 

6977 

6977 

8808 

8808 

8950 

8950 
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Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

1A3 

5AP 

1LA4 

5AD 

2CY5 

7EW 

3BT2 

12HY 

3KT6 

9PM 

1A4P 

4M 

1LA6 

7AK 

2D21 

7BN 

3BU8/ 


3LF4 

6 BA 

1A5GT 

6X 

1LB4 

SAD 

2DS4 

12AQ 

3GS8 

9FG 

3Q4 

7BA 

1A6 

6L 

1LC5 

7AQ 

2DV4 

12EA 

3BW2 

12HY 

3Q5GT 

7AP 

1A7GT 

11 

1LC6 

7AK 

2DZ4 

7DK 

3BW2/ 


3S4 

7BA 

1AC5 

8CP 

1LD5 

6AX 

2E5 

6R 

3BS2A/ 

3V4 

6BX 

1AD2 

12GV 

1LE3 

4AA 

2EG4 

12AQ 

3BT2 

12HY 

4AU6 

7BK 

1AD2A 

12GV 

1LG5 

7 AO 

2EN5 

7FL 

3BY6 

7CH 

4AV6 

7BT 

1AD5 

8CP 

1LH4 

SAG 

2ER5 

7FP 

3BZ6 

7CM 

4BC5 

7BD 

1AX2 

9Y 

1LN5 

7A0 

2FH5 

7FP 

3CA3 

8MH 

4BC8 

9AJ 

1AY2 

1AY2 

1N2A 

3C 

2FQ5A 

7FP 

3CA3A 

8MH 

4BL8 

9DC 

1AY2A 

1AY2 

1N5GT 

5Y 

2FS5 

7GA 

3CB6/ 


4BL8/ 


1B3GT 

3C 

1N6G 

7AM 

2GK5/ 


3CF6 

7CM 

XCE80 

9DC 

1B4P 

4M 

1P5GT 

5Y 

2FQ5A 

7FP 

3CE5 

7BD 

4BN6 

7DF 

1B5/25S 

6M 

1Q5GT 

6AF 

2GU5 

7GA 

3CF6 

7CM 

4BQ7A 

9AJ 

1B7GT 

11 

1R5 

7AT 

2HA5 

7GM 

3CN3A 

8MU 

4BQ7A/ 


1BC2 

9RG 

1RK23 

9DT 

2HQ5 

7GM 

3CN3B 

8MU 

4BZ7 

9AJ 

1BC2A 

9RG 

1S2A/ 


2T4 

ST 

3CS6 

7CH 

4BS8 

9AJ 

1BH2 

9RG 

DY87 

9DT 

3A2 

9DT 

3CU3A 

8MK 

4BU8 

9FG 

1BH2A 

9RG 

1S4 

7AV 

3A2A 

9DT 

3CX3 

8MT 



1C5GT 

6X 

1S5 

6AU 

3A3 

8EZ 

3CY5 

7EW 

4BU8/ 


1C6 

6L 

1T4 

6AR 

3A3/3B2 

8EZ 

3CZ3 

8EZ 

4GS8 

9FG 

1C7G 

11 

1T5GT 

6X 

3A3A/ 


3CZ3A 

8EZ 

4BZ6 

7CM 

1C21 

4V 

1T6 

8 DA 

3B2 

8EZ 

3DB3 

8MX 

4BZ7 

9AJ 

1D5GP 

5Y 

1U4 

6AR 

3A3B 

8EZ 

3DB3/ 


4CB6 

7 CM 

1D5GT 

5R 

1U5 

6BW 

3A3C 

8EZ 

3CY3 

8MX 

4CS6 

7CH 

1D7G 

11 

IV 

4G 

3A4 

7BB 

3DC3 

8MZ 

4CY5 

7EW 

1D8GT 

8AJ 

1V2 

9U 

3A5 

7BC 

3DF3 

8MT 

4DF6 

7CM 

1DG3 

8ND 

1X2A 

9Y 

3A8GT 

8AS 

3DG4 

5DE 

4DK6 

7CM 

1DG3A 

8ND 



3AF4A 

7DK 

3DJ3 

8MX 

4DT6 

7EN 

1DN5 

6BW 

1X2B/ 


3AF4A/ 


3DK6 

7CM 

4DT6A 

7EN 

1E5GP 

5Y 

1X2A 

9Y 

3DZ4 

7DK 

3DT6 

7EN 

4EH7/ 


1E7GT 

8C 

1X2C 

9Y 

3AL5 

6BT 

3DT6A 

7EN 

LF183 

9AQ 

1E8 

8CN 

2A3 

4D 

3AT2 

12FV 

3DZ4 

7DK 

4EJ7/ 


1F4 

5K 

2A5 

6B 

3AT2B 

12FV 

3EA5 

7EW 

LF184 

9AQ 

1F5G 

6X 

2A6 

6G 

3AU6 

7BK 

3EH7 

9AQ 

4ES8/ 


1F6 

6W 

2A7 

7C 

3AV6 

7BT 

3EH7/ 


XCC189 9AJ 

1F7G 

7AF 

2AF4A/ 


3AW2 

12HA 

XF183 

9AQ 

4EW6 

7CM 

1G3GT/ 


2AF4B 

7DK 

3AW2A 

12HA 

3EJ7 

9AQ 

4GJ7/ 


1B3GT 

3C 



3AW3 

8EZ 



XCE801 

9QA 

1G3GTA/ 


2AF4B/ 


3B2 

8GH 

3EJ7/ 


4GK5 

7FP 

1B3GT 

3C 

2DZ4 

7DK 

3B4WA 

7CY 

XF184 

9AQ 

4GM6 

7CM 

1G4GT 

5S 

2AH2 

12DG 

3BA6 

7BK 

3ER5 

7FP 

4GS8 

9LW 

1G5G 

6 X 

2AS2 

12EW 

3BC5 

7BD 

3FH5 

7FP 

4GS8/ 


1G6GT 

7AB 

2AS2A 

12 EW 

3BC5/ 


3FS5 

7GA 

4BU8 

9LW 

1H4G 

5S 

2AV2 

9U 

3CE5 

7BD 

3GK5 

7FP 

4GX7. 

9QA 

1H5GT 

5Z 

2B7 

7D 

3BE6 

7CH 

3GS8/ 


4GZ5 

7CV 

1H6G 

7AA 

2BJ2 

9RT 

3BL2 

12HK 

3BU8 

9LW 

4HA5 

7GM 

1J3 

3C 

2BJ2A 

9RT 

3BL2A 

12HK 

3GS8 

9LW 

4HA5/ 


1J5G 

6X 

2BN4 

7EG 

3BM2 

12HK 



PC900 

7GM 

1J6G 

7AB 

2BN4A 

7EG 

3BN2 

12FV 

3HM5/ 


4HA7 

12FQ 

1J6GT 

7AB 

2BU2 

12JB 

3BN2A 

12FV 

3HA5 

7GM 

4HA7/ 


1K3/1J3 

3C 

2BU2/ 


3BN4 

7EG 

3HQ5 

7GM 

4HC7 

12FQ 

1K3A/1J3 3C 

2AH2 

12JB 

3BN4A 

7EG 

3HS8 

9EG 

4HC7 

12FR 

1L4 

6AR 

2CN3A 

8MU 

3BN6 

7DF 

3JC6 

9PM 

4HM6 

9PM 

1L6 

7DC 

2CW4 

12AQ 

3BS2A 

12HY 

3JC6A 

9PM 

4HQ5 

7GM 
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Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

4HS8 

9FG 

5HG8 

9MP 

6AE6G 

7AH 

6AU6A 

7BK 

6BJ3 

12BL 

4JC6A 

9PM 

5HG8/ 


6AE7GT 

7AX 

6AU6WB 

7BK 

6BJ6 

7CM 

4JD6 

9PM 

LCF86 

9MP 

6AF3 

9CB 

6AU7 

9A 

6BJ7 

9AX 

4JH6 

7CM 

5HZ6 

7EN 

6AF4 

7DK 

6AU8 

9DX 

6BJ8 

9ER 

4KF8 

9DC 

5J6 

7BF 

6AF4A 

7DK 

6AU8A 

9DX 

6BK4 

8GC 

4KN8/ 


5JK6 

7CM 

6AF6G 

7AG 

6AV5GA 

6CK 

6BK4A 

8GC 

4RHH8 

9AJ 

5JL6 

7CM 

6AF9 

10L 

6AV5GT 

6CK 

6BK4B 

8GC 

4KT6 

9PM 

5JW8 

9DC 

6AF11 

12DP 

6AV6 

7BT 

6BK4C/ 


4LJ8 

9GF 

5KD8 

9AE 

6AG4Y 

8Y 

6AV11 

12BY 

6EL4A 

8GC 

4LU6 

7CM 

5KE8 

9DC 

6AG5 

7BD 

6AW8 

9DX 

6BK5 

9BQ 

4RHH2 

9AJ 

5KZ8 

9FZ 

6AG7 

8Y 

6AW8A 

9DX 

6BK7A 

9AJ 

4RHH8 

9DE 

5LJ8 

9GF 

6AG9 

12HE 

6AX3 

12BL 

6BK7B 

9AJ 

5AM8 

9CY 

5M88 

9FA 

6 AG 11 

12DA 

6AX4GT 

4CG 

6BL4 

8GB 

5AN8 

9DA 

5MHH3 

7BF 

6AH4GT 

8EL 

6AX4GTB 

4CG 

6BL7GT 

8BD 

5AQ5 

7BZ 

5R4GYB 

5T 

6AH6 

7BK 

6AX5GT 

6S 

6BL7GTA 

8BD 

5AR4/ 


5T8 

9E 

6AH6WA 

7BK 

6AX8 

9AE 

6BL8 

9DC 

GZ34 

5DA 

5U4G 

5T 

6AH9 

12HJ 

6AY3 

9HP 

6BL8/ 


5AS4 

5T 

5U4GB 

5T 

6AK5/ 


6AY3B 

9HP 

ECF80 

9DC 

5AS4A 

5T 

5HA7 

12FQ 

EF95 

7BD 

6 AY 11 

12DA 

6BM8/ 


5AS8 

9DS 

5U8 

9AE 

6AK6 

7BK 

6AZ8 

9ED 

ECL82 

9EX 

5AT8 

9DW 

5119/ 


6AK8/ 


6B4G 

5S 

6BN4 

7 EG 

5AU4 

5T 

LCF201 10K 

EABC80 9E 

6B5 

6AS 

6BN4A 

7 EG 

5AV8 

9DZ 

5V3 

5T 

6AK10 

12FE 

6B6G 

7V 

6BN6/ 


5AW4 

5T 

5V3A/ 


6AL3 

9CB 

6B7 

7D 

6KS6 

7DF 

5AZ4 

5T 

5AU4 

5T 

6AL3/ 


6B7S 

7D 

6BN8 

9ER 

5B8 

9EC 

5V4G 

5L 

EY88 

9CB 

6B8 

8E 

6BN11 

12GF 

5BC3 

9QJ 

5V4GA 

5L 

6AL5 

6BT 

6B8G 

8E 

6BQ5/ 


5BC3A 

9QJ 

5V6GT 

7AC 

6AL7GT 

8CH 

6B10 

12BF 

EL84 

9CV 

5BE8 

9EG 

5W4 

5T 

6AL11 

12BU 

6BA3 

9HP 

6BQ6GT 

6AM 

5BK7A 

9AJ 

5W4GT 

5T 

6AM4 

9BX 





5BQ7A 

9AJ 

5X4G 

5Q 

6AM8 

9CY 

6BA6/ 


6BQ6GTB/ 

5BR8 

9FA 

5X8 

9AK 

6AM8A 

9CY 

EF93 

7BK 

6CU6 

6AM 

5BR8/ 


5Y3G 

5T 

6AN4 

7DK 

6BA7 

8CT 

6BQ7 

9AJ 

5FV8 

9FA 

5Y3GT 

5T 

6AN5 

7BD 

6BA8A 

9DX 

6BG7A/ 


5BT8 

9FE 

5Y4G 

5Q 

6AN8 

9DA 

6BA11 

12ER 

6BZ7/ 


5BW8 

9HK 

5Y4GA 

5Q 

6AN8A 

9DA 

6BC4 

9DR 

6BS8 

9AJ 

5CG8 

9GF 

5Y4GT 

5Q 

6AQ5 

7BZ 

6BC5/ 


6BR3/ 


5CL8 

9FX 

5Z3 

40 

6AQ5A 

7BZ 

6CE5 

7BD 

6RK19 

9CB 

5CL8A 

9FX 

5Z4 

5T 

6AQ6 

7BT 

6BC7 

9AX 

6BR8 

9FA 

5CQ8 

9GE 

6A3 

4D 

6AQ7GT 

8CK 



6BR8A 

9 FA 

5CZ5 

9HN 

6A6 

7B 

6AQ8 

9AJ 

6BC8/ 


6BS3 

9HP 

5DH8 

9EG 

6A7 

7C 

6AQ8/ 


6BZ8 

9AJ 

6BS3A 

9HP 

5DJ4 

8KS 

6A7S 

70 

ECC85 

9AJ 

6BD4 

8FU 

6BS8 

9AJ 

5EA8 

9AE 

6A8 

8A 

6AR5 

6CC 

6BD4A 

8FU 

6BU8 

9FG 

5ES8/ 


6A8G 

8A 

6AR8 

9DP 

6BD6 

7BK 

6BV8 

9FS 

YCC189 9AJ 

6A8GT 

8A 

6AR11 

12DM 

6BD11 

12DP 

6BV11 

12HB 

5EU8 

9JF 

6AB4 

5CE 

6AS5 

7CV 

6BE3/ 


6BW3 

12HF 

5EW6 

7CM 

6AB5/ 


6AS6 

7CM 

6BZ3 

12GA 

6BW4 

9DJ 

5FG7 

9GF 

6N5 

6R 

6AS7G 

8BD 

6BE6 

7CH 

6BW8 

9HK 

5FV8 

9FA 

6AB7 

8N 

6AS8 

9DS 

6BF5 

7BZ 

6BW11 

12HD 

5GH8A 

9AE 

6AC5GT 

6Q 

6 AS 11 

12DP 

6BF6 

7BT 

6BX7GT 

8BD 

5GJ7/ 


6AC 7 

8N 

6AT6 

7BT 

6BF11 

12 EZ 

6BY5GA 

6CN 

LCF801 9QA 

6AC7W 

8N 

6AT8 

9DW 

6BG6G 

5BT 

6BY6 

7CH 

5GM6 

7CM 

6AC10 

12FE 

6AT8A 

9DW 

6BH3 

9HP 

6BY8 

9FN 

5GS7 

9GF 

6AD6G 

7AG 

6AU4GT 

4CG 

6BH3A 

9HP 

6BY11 

12EZ 

5GX6 

7EN 

6AD7G 

8AY 

6AU4GTA 

4CG 

6BH6 

7CM 

6BZ6 

7CM 

5GX7 

9QA 

6AD10 

12EZ 

6AU5GT 

6CK 

6BH8 

9DX 

6BZ7 

9AJ 

5HB7 

9QA 

6AE5GT 

8Q 

6AU6 

7BK 

6BH11 

12FP 

6BZ8 

9AJ 
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Type 
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Type 
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Terminal 

Type 
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No. 
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Diagram 

No. 

Diagram 

No. 

Diagram 

6C4 

6BG 

6CX8 

9DX 

6EA8 

9AE 

6FS5 

7GA 

6GY6/ 


6C5 

6Q 

6CY5 

7EW 

6EB8 

9DX 

6FV6 

7FQ 

6GX6 

7EN 

6C5GT 

6Q 

6CY7 

9LG 

6EC4/ 


6FV8 

9FA 

6GY8 

9MB 

6C6 

6F 

6CZ5 

9HN 

EY500 

6EC4 

6FV8A 

9FA 

6GZ5 

7CY 

6C7 

7G 

6CZ7 

8ET 

6EH4A 

12FA 

6FW5 

6CK 

6H6 

7Q 

6C8G 

8G 

6D4 

5AY 

6EH5 

7CV 

6FY5/ 


6H6GT 

7Q 

6C9 

10F 

6D6 

6F 

6EH7 

12FA 

EC97 

7FP 

6HA5 

7GM 

6C10 

12BQ 

6D7 

7H 

6EH7/ 


6FY7 

12E0 

6HA6 

9NW 

6CA4 

9M 

6D8G 

8A 

EF183 

9AQ 

6G6G 

7$ 

6HB5 

12BJ 

6CA5 

7CV 

6D10 

12BQ 

6EH8 

9JG 

6G11 

12BU 

6HB6/ 


6CA7/ 


6DA4 

4CG 

6EJ4A 

12HC 

6GB3A 

6AM 

6HA6 

9NW 

EL34 

8ET 

6DB5 

9GR 

6EJ7 

9AQ 

6GB5 

9NH 

6HB7 

9QA 

6CB5 

8GD 

6DC6 

7CM 

6EJ7 


6GB5/ 


6HE5 

12EY 

6CB5A 

8GD 

6DC8 

9HE 

EF184 

9AQ 

EL500 

9NH 

6HF5 

12FB 

6CB6A/ 


6DC8/ 


6EL4 

8GC 

6GB6 

6AM 

6HF8 

9DX 

6CF6 

7CM 

EBF89 

9HE 

6EM5 

9HN 

6GB7 

6AM 

6HG5 

7BZ 

6CD3 

12HF 

6DE4 

4CG 

6EM7/ 


6GC5 

9EU 

6HG8 

9MP 

6CD6G 

5BT 

6DE6 

7CM 

6EA7 

8BD 

6GE5 

12BJ 

6HG8/ 


6CD6GA 

5BT 

6DE7 

9HF 

6EN4 

8NJ 

6GF5 

12BJ 

ECF86 

9MP 

6CE3 

12HF 

6DG6GT 

7S 

6EQ7 

9LQ 

6GF7 

9QD 

6HJ5 

12FL 

6CE5 

7BD 

6DJ8/ 


6ER5 

7FP 

6GF7A 

9QD 

6HJ8 

9CY 

6CF6 

7CM 

ECC88 

9AJ 

6ES5 

7FP 

6GH8 

9AE 

6HK5 

7GM 

6CG3/ 


6DK3 

9SG 

6ES8/ 


6GH8A 

9AE 

6HL8 

9AE 

6CE3/ 


6DK6 

7CM 

ECC189 9AJ 

6GJ5 

9QK 

6HM5/ 


6CD3/ 


6DL4/ 


6ET7 

9LT 

6GJ5A 

9QK 

6HA5 

7GM 

6BW3 

12HF 

EC88 

9NY 

6EU7 

9LS 

6GJ7 

9QA 

6HM6 

9PM 

6CG7 

9LP 

6DL5 

7DQ 

6EU8 

9JF 

6GJ7/ 


6HQ5 

7GM 

6CG8 

9GF 

6DL5/ 


6EV5 

7EW 

ECF801 9QA 

6HR5 

7BZ 

6CG8A 

9GF 

EL95 

7DQ 

6EV7 

9LP 

6GJ8 

9AE 

6HR6 

7BK 

6CH3 

9HP 

6DM4A 

4CG 

6EW6 

7CM 



6HS5 

12GY 

6CH8 

9FT 

6DN3 

9HP 

6EW7 

9HF 

6GK5/ 


6HS6 

7BK 

6CJ3/ 


6DN6 

5BT 

6EX6 

5BT 

6FQ5A 

7FP 

6HS8 

9FG 

6CH3 

9HP 

6DN7 

8BD 

6EY6 

7AG 

6GK6 

9GK 

6HU6/ 


6CK3 

9HP 

6DQ5 

8JC 

6EZ5 

7AC 

6GK17 

4CG 

EM87 

9GA 

6CK4 

8JB 

6DQ6A 

6AM 

6EZ8 

9KA 

6GL7 

8BD 

6HU8/ 


6CL3 

9HP 

6DQ6B 

6AM 

6F4 

7BR 

6GM5 

9MQ 

ELL80 

9NJ 

6CL3/ 


6DR7 

9HF 

6F5 

5M 

6GM6 

7CM 

6HV5 

12GY 

6CK3 

9HP 

6DS4 

12AQ 

6F5GT 

5M 

6GN8 

9DX 

6HV5A 

12GY 

6CL6 

9BV 

6DS5 

7BZ 

6F6 

7S 

6GQ7 

9QM 

6HZ5 

12GY 

6CL8 

9FX 

6DT5 

9HN 

6F6G 

7S 

6GS7 

9GF 



6CL8A 

9FX 

6DT6 

7EN 

6F6GT 

7S 

6GT5 

9NZ 

6HZ5/ 


6CM3 

9HP 

6DT6A 

7EN 

6F7 

7E 

6GT5A 

9NZ 

6JD5 

12GY 

6CM6 

9CK 

6DT8 

9AJ 

6F8G 

8G 

6GU5 

7GA 

6HZ6 

7EN 

6CM7 

9ES 

6DV4 

12EA 

6FA7 

9MR 

6GU7 

9LP 

6HZ8 

9DX 

6CM8 

9FZ 

6DW4 

9HP 

6FD7 

9HF 

6GV5 

12DR 

6J4 

7BQ 

6CN7 

9EN 

6DW4B 

9HP 

6FE5 

8KB 

6GV8 

9LY 

6J5 

6Q 

6CQ4 

4CG 

6DW5 

9CK 

6FG6/ 


6GV8/ 


6J5GT 

6Q 

6CQ8 

9GE 

6DX8 

9HX 

EM84 

9GA 

ECL85 

9LY 

6J6 

7BF 

6CR6 

7EA 

6DX8/ 


6FG7 

9GF 

6GW6 

6AM 

6J6A 

7BF 

6CS6 

7CH 

ECL84 

9HX 

6FH5 

7FP 

6GW6/ 


6J6WA 

7BF 

6CS7 

9EF 

6DZ4 

7DK 

6FH8 

9KP 

6DQ6B 

6AM 

6J7 

7R 

6CU5 

7CV 

6DZ7 

8JP 

6FJ7 

12BM 

6GW8/ 


6J7G 

7R 

6CU6 

6AM 

6E5 

6R 

6FM7 

12EJ 

ECL86 

9LZ 

6J7GT 

7R 

6CU8 

9GM 

6E6 

7B 

6FM8 

9KR 

6GX6 

7EN 

6J8G 

8H 

6CW4 

12AQ 

6E7 

7H 

6FQ5A 

7FP 

6GX7 

9QA 

6J10 

12BT 

6CW5 

9CV 

6EA4 

12FA 

6FQ7 

9LP 

6GY5 

12DR 

6J11 

12BW 

6CW5/ 


6EA5 

7EW 

6FQ7/ 


6GY6 

7EN 

6JB5/ 


EL86 

9CV 

6EA7 

8BD 

6CG7 

9LP 



6HE5 

12EV 
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Type 
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No. 

Diagram 

No. 
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No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

6JB6 

9QL 

6KN8/ 


6MK8A 

9FG 

6U8A/ 


Ill 

8V 

6JB6A 

9QL 

6RHH8 

9AJ 

6MN8 

12HU 

6KD8 

9AE 

7N7 

8AC 

6JC6A 

9PM 

6KR8 

9DX 

6MQ8 

9AE 

6U9/ 


7Q7 

8AL 

6JC8 

9PA 

6KS6 

6DF 

6MU8 

9AE 

ECF201 10K 

7R7 

8AE 

6JD6 

9PM 

6KT6 

9PM 

6MV8 

9DX 

6U10 

12FE 

7S7 

8BL 

6JE6 

9QL 

6KT8 

9QP 

6N6G 

7AU 

6V3A 

9BD 

7V7 

8V 

6JE6A 

9QL 

6KU8 

9LT 

6N7 

8B 

6V6 

7AC 

7X7 

8BZ 

6JE8 

9DX 

6KV6 

9QU 

6N7GT 

8B 

6V6GT 

7 AC 

7Y4 

5AB 

6JF6 

9QL 

6KV6A 

9QU 

6P5GT 

6Q 

6V6GTA 

7AC 

7Z4 

5AB 

6JG6 

9QU 

6KV8 

9DX 

6P7G 

7U 

6V7G 

7V 

8A8 

9DC 

6JG6A 

9QU 

6KY8 

9QT 

6Q7 

7 V 

6W4GT 

4CG 

8AC10 

12FE 

6JH5 

12JE 

6KY8A 

9QT 

6Q7G 

7V 

6W6GT 

7AC 

8AL9 

12HE 

6JH6 

7CM 

6KZ8 

9FZ 

6Q7GT 

7V 

6W7G 

7R 

8AR11 

12DM 

6JH8 

9DP 

6L5G 

6Q 

6Q11 

12BY 

6X4 

5BS 

8AU8 

9DX 

6JK6 

7CM 

6L6 

7 AC 

6R7 

7 V 

6X4W 

5BS 

8AW8A 

9DX 

6JK8 

9AJ 

6L6G 

7AC 

6R7G 

7V 

6X5 

6S 

8B8 

9 EX 

6JM6 

12FJ 

6L6GB 

7 AC 

6R7GT 

7V 

6X5GT 

6S 

8B10 

12BF 

6JM6A 

12FJ 

6L6GC 

7 AC 

6RHH2 

7BD 

6X8A 

9AK 

8BA8A 

9DX 

6JN6 

12FK 

6L7 

7T 

6RHH8 

9DE 

6X9/ 


mn 

12ER 

6JN8 

9FA 

6L7G 

7T 

6RK19 

9CB 

ECF200 10K 

8BH8 

9DX 

6JQ6 

9RA 

6LB6 

12GJ 

6S4 

9AC 

6Y6GA/ 


8BM11 

12FU 

6JR6 

9QU 

6LB8 

9DX 

6S4A 

9AC 

6Y6G 

7AC 

8BN8 

9ER 

6JS6 

12FY 

6LC8 

9QY 

6S7 

7R 

6Y7G 

8B 

8BN11 

12GF 

6JS6A 

12FY 

6LE8 

9QZ 

6S7G 

7R 

6Y9/ 


8BQ5 

9CV 

6JS6C 

12FY 

6LF6 

12GW 

6S8GT 

8CB 

EFL201 10L 

8BQ11 

12DM 

6JT6 

9QU 

6LF8 

9DX 

6SA7 

8R 

6Z4 

5D 

8BU11 

12FP 

6JT6A 

9DX 

6LH6A 

8ML 

6SA7GT 

8AD 

6Z5 

6K 

8CB11 

12DM 

6JT8 

9QU 

6LJ6 

8MQ 

6SB7Y 

8R 

6Z7G 

8B 

8CG7 

9LP 

6JU6 

9QL 

6LJ6A/ 


6SC7 

8S 

6Z10/ 


8CM7 

9ES 

6JU8 

9PQ 

6LH6A 

8MQ 

6SF5 

6AB 

6J10 

12BT 

8CN7 

9EN 

6JU8A 

9PQ 

6LJ8 

9GF 

6SF7 

7AZ 

6ZY5G 

6S 

8CS7 

9EF 

6JV8 

9DX 

6LM8 

9AE 

6SG7 

8BK 

7A5 

6AA 

8CW5/ 


6JW8/ 


6LN8 

9DC 

6SH7 

8BK 

7A6 

7AJ 

XL86 

9CV 

ECF802 9DC 

6UW 


6SJ7 

8N 

7A7 

8 V 

8CX8 

9DX 

6JZ6 

12GD 

LCF80 

9DC 

6SJ7GT 

8N 

7A8 

8U 

8EB8 

9DX 

6JZ8 

12DZ 

6LQ6/ 


6SJ7Y 

8N 

7AD7 

8V 

8EM5 

9HN 

6K5GT 

5U 

6JE6B 

9QL 

6SK7 

8N 

7AG7 

8V 

8ET7 

9LT 

6K6GT 

7S 

6LQ6/ 


6SK7GT 

8N 

7AH7 

8V 

8FQ7 

9LP 

6K7 

7R 

6JE6C 

9QL 

6SL7GT 

8BD 

7AU7 

9A 

8FQ7/ 


6K7G 

7R 

6LQ8 

9DX 

6SN7GT 

8BD 

7B4 

5AC 

8CG7 

9LP 

6K7GT 

7R 

6LR6 

12FY 

6SN7GTA 

8BD 

7B5 

6AE 

8GJ7 

9QA 

6K8 

8K 

6LR8 

9QT 

6SN7GTB 

8BD 

7B6 

8W 

8GJ7/ 


6K8G 

8K 

6LT8 

9RL 

6SQ7 

8Q 

7B7 

8V 

PCF801 9QA 

6K8GT 

8K 

6LU8 

12DZ 

6SQ7GT 

8Q 

7C5 

6AA 

8GIM8 

9DX 

6K11 

12BY 

6LX8/ 


6SR7 

8Q 

7C6 

8W 

8GU7 

9LP 

6K11/ 


LCF802 9DC 

6SS7 

8N 

7C7 

8V 

8JU8A 

9PQ 

6Q11 

12BY 

6LY8 

9DX 

6ST7 

8Q 

7E6 

8W 

8JV8 

9DX 

6KA8 

9PV 

6LZ6 

9QL 

6SZ7 

8Q 

111 

8AE 

8KA8 

9PV 

6KD6 

12GW 

6M11 

12CA 

6T4 

7DK 

7EY6 

7 AC 

8LC8 

9QY 

6KD8 

9AE 

6MB8 

9FA 

6T7G 

7V 

111 

8AC 

8LT8 

9RL 

6KE8 

9DC 

6MD8 

9RQ 

6T8 

9E 

7F8 

8BW 

9A8 

9DC 

6KG6A/ 


6ME6 

9QL 

6T8A 

9E 

7G7 

8V 

9A8/ 


EL509 

9RJ 

6ME8 

9RU 

6T9 

12FM 

7GS7 

9GF 

PCF80 

9DC 

6KL8 

9LQ 

6MF8 

12DZ 

6T10 

12EZ 

7HG8 

9MP 

9AH9 

12HJ 

6KM6 

9QL 

6MG8 

9DC 

6U5 

6R 

7HG8/ 


9AK10 

12FE 

6KM8 

9QG 

6MHH3 

7BF 

6U7G 

7R 

PCF86 

9MP 

9AM10 

12FE 

6KN6 

12GU 

6MJ8 

12HG 

6U8 

9AE 

7K7 

8BF 

9AQ8/ 




6MK8 

9FG 



7KY6 

9GK 

PCC85 

9AJ 
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9AU7 

9A 

11CH11 

12GS 

12AZ7 

9A 

12DS7 

9JU 

12JN6 

12FK 

9BJ11 

12FU 

11CY7 

9LG 

milk 

9A 

12DS7A 

9JU 

12JN8 

9FA 

9BR7 

9CF 

11DS5 

7BZ 

12B4A 

9AG 

12DT5 

9HN 

12JQ6 

9RA 

9CL8 

9FX 

11FY7 

12 EO 

12B8GT 

8T 

12DT8 

9AJ 

12JT6 

9QU 

9GH8A 

9AE 

11HM7 

9BF 

12BA6 

7BK 

12DV8 

9HR 

12JT6A 

9QU 

9GV8 

9LY 

11JE8 

9DX 

12BA7 

8CT 

12DW4A 

9HP 

12K5 

7EK 

9GV8/ 


11KV8 

9DX 

12BD6 

7BK 

12DW7 

9A 

12K7GT 

7R 

XCL85 

9LY 

11LQ8 

9 EX 

12BE3 

12GA 

12DY8 

9JD 

12K8 

8K 

9JW8/ 


11LT8 

9RL 

12BE6 

7CH 

12DZ6 

7BK 

12KL8 

9LQ 

PCF802 9AE 

11MS8 

9LY 

12BF6 

7BT 

12EA6 

7BK 

12L6GT 

7AC 

9KC6 

9RF 

11Y9 

10L 

12BF11 

12 EZ 

12EC8 

9FA 

12MD8 

9RQ 

9KX6 

9GK 

11Y9/ 


12BH7 

9A 

12ED5 

7CV 

12Q7GT 

7V 

9KZ8 

9FZ 

LFL200 10L 

12BH7A 

9A 

12EG6 

7CH 

12RK19 

9CB 

9LA6 

9GK 

12A5 

7F 

12BK5 

9BQ 

12EH5 

7CV 

12S8GT 

8CB 

9RAL1 

9HF 

12A6 

7S 

12BL6 

7BK 

12EK6 

7BK 

12SA7 

8R 

9U8A 

8AE 

12A7 

7K 

12BN6 

7DF 

12EK6/ 


12SA7GT 

8AD 

10 

4D 

12A8GT 

8A 

12BQ6GTB/ 

12DZ6/ 

12SC7 

8S 

10AL11 

12BU 

12AB5 

9EU 

12CU6 

6AM 

12EA6 

7BK 

12SF5 

6AB 

10BQ5 

9CV 

12AC6 

7BK 

12BR3 

9CB 

12EL6 

7FB 

12SF5GT 

6AB 

10C8 

9DA 

12AC10A 

12FE 

12BR7 

9CF 

12EM6 

9HV 

12SF7 

7AZ 

10CW5 

9CV 

12AD6 

7CH 

12BS3 

9HP 

12EN6 

ZAC 

12SG7 

8BK 

10CW5/ 


12AE6 

7BT 

12BS3A/ 


12EQ7 

9LQ 

12SH7 

8BK 

LL86 

9CV 

12AE6A 

7BT 

12DW4A9HP 

12F5GT 

5M 

12SJ7 

8N 

10DE7 

9HF 

12AE7 

9A 

12BT3 

12BL 

12F8 

9FH 

12SJ7GT 

8N 

10DR7 

9HF 

12AE10 

12EZ 

12BV7 

9BF 

12FK6 

7BT 

12SK7 

8N 

10DX8 

9HX 

12AF3/ 


12BV11 

12HB 

12FM6 

7BT 

12SK7GT 

8N 

10DX8/ 


12BR3/ 

12BW4 

9DJ 

12FQ7 

9LP 

12SL7GT 

8BD 

LCL84 

9HX 

12RK199CB 

12BY7 

9BF 

12FQ8 

9KT 

12SN7GT 

8BD 

10EG7 

8BD 

12AF6 

7BK 



12FR8 

9KU 

12SN7GTA8BD 

10EM7 

8BD 

12AH7GT 

8BE 



12FV7 

9A 

12SQ7 

8Q 

10EW7 

9HF 

12AJ6 

7BT 

12BY7A/ 


12FX5 

7CV 

12SQ7GT 

8Q 

10GF7 

9QD 

12AL5 

6BT 

12BV7/ 


12FX8 

9KV 

12SR7 

8Q 

10GF7A 

9QD 

12AL8 

9GS 

12DQ7 

9BF 

12FX8A 

9KV 

12SR7GT 

8Q 

10GK6 

9GK 

12AL11 

12BU 

12BZ6 

7CM 

12GA6 

7CH 

12SW7 

8Q 

10GN8 

9DX 

12AQ5 

7BZ 

12BZ7 

9A 

12GB3 

6AM 

12SX7GT 

8BD 

10GV8/ 


12AT6 

7BT 

12C5 

7CV 

12GB6 

6AM 

12SY7 

8R 

LCL85 

9LY 

12AT7/ 


12C8 

8E 

12GB7 

6AM 

12T10 

12 EZ 

10HE8 

9DX 

ECC81 

9A 

12CA5 

7CV 

12GC6 

8JX 

12U7 

7CK 

10JA8/ 


12AT7WA 

9A 

12CL3 

9HP 

12GE5 

12BJ 

12V6GT 

7AC 

10LZ8 

9DX 

12AT7WB 

9A 

12CN5 

7CV 

12GJ5 

9QK 

12W6GT 

7AC 

10JT8 

9DX 

12AU6 

7BK 

12CR6 

7EA 

12GJ5A 

9QK 

12X4 

5BS 

10JY8 

9DX 

12AU7 

9A 

12CT3 

9RX 

12GN7 

9BF 

12Z3 

6G 

10KR8 

9DX 

12AU7A/ 


12CT8 

9DA 

12GN7A 

9BF 

13CW4 

12AQ 

10KU8 

9LT 

ECC82 

9A 

12CU5/ 


12GT5 

9NZ 

13DE7 

9HF 

10LB8 

9DX 

12AV5GA 

6CK 

12C5 

7CV 

12GT5A 

9NZ 

13DR7 

9HF 

10LE8 

9QZ 

12AV6 

7BT 

12CU6 

6AM 

12GW6/ 


13EM7 

8BD 

10LW8 

9DX 

12AV7 

9A 

12CX6 

7BK 

12DQ6B6AM 

13EM7/ 


10LZ8 

9DX 

12AW6 

7CM 

12D4 

4CG 

12H6 

7Q 

15EA7 

8BD 

10T10 

12 EZ 

12AX3 

12BL 

12DB5 

9GR 

12HE7 

12ES 

13FD7 

9HF 

10Z10 

12BT 

12AX4GT 

4CG 

12DE8 

9HG 

12HG7 

9BF 

13FM7 

12 EJ 

11 

4F 

12AX4GTA 4CG 

12DK6 

7CM 

12HG7/ 


13FM7/ 


11AF9 

10L 

12AX4GTB 4CG 

12DK7 

9HZ 

12GN7A9BF 

15FM7 

12 EJ 

11AR11 

12DM 

12AX7 

9A 

12DL8 

9HR 

12HL7 

9BF 

13GB5 

9NH 

11BM8 

9EX 

12AX7A/ 


12DM4 

4CG 

12J5GT 

6Q 

13GB5/ 


11BQ11 

12DM 

ECC83 

9A 

12DM4A 

4CG 

12J7GT 

7R 

XL500 

9NH 

11BT11 

12GS 

12AY3 

9HP 

12DQ6A 

6AM 

12J8 

9GC 

13GF7 

9QD 

11CA11 

12HN 

12AY3A 

9HP 

12DQ6B 

6AM 

12JB6 

9QL 

13GF7A 

9QD 

11CF11 

12HW 

12AY7 

9A 

12DQ7 

9BF 

12JB6A 

9QL 

13J10 

12BT 
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Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

13JZ8 

12DZ 

17BB14 

9NH 

18AJ10 

12EZ 

22BW3 

12FX 

26 

4D 

13V10 

12 EZ 

17BE3/ 


18FW6 

7CC 

22DE4 

4CG 

26A6 

7BK 

13Z10 

12 BT 

17BZ3 

12GA 

18FW6A 

7CC 

22JF6 

9QL 

26A7GT 

8BU 

13Z10/ 


17BF11 

12EZ 

18FX6 

7CH 

22JG6 

9QU 

26C6 

7BT 

13J10 

12BT 

17BH3 

9HP 

18FX6A 

7CH 

22JG6A 

9QU 

2606 

7CH 

14A4 

5AC 

17BJ6 

9QL 

18FY6 

7BT 

22JR6 

9QU 

26HU5 

8NB 

14A5 

6AA 

17BQ6GTB6AM 

18FY6A 

7BT 

22JU6 

9QL 

26LW6 

8NC 

14A7 

8V 

17BR3 

9CB 

18GB5/ 


22KM6 

9QL 

26LX6 

12JA 

14AF7 

8AC 

17BR3/ 


LL500 

9NH 

22KV6A 

9QU 

27 

5A 

14B6 

8W 

17K19 

9CB 



23JS6A 

12FY 



14B8 

8X 

17BS3 

9HP 

18GD6A 

7BK 

23JZ8 

12DZ 

27GB5/ 


14BL11 

12GC 

17BS3A/ 


18GV8/ 


23Z9 

12GZ 

PL500 

9NH 

14BR11 

12GL 

17DW4A9HP 

PCL85 

9LY 

24A 

5E 

29KQ6/ 


14C5 

6AA 

17BW3 

12FX 

19 

6C 

24BF11 

12EZ 

PL521 

9RJ 

14C7 

8 V 

17BZ3 

12FX 

19AU4 

4CG 

24JE6A 

9QL 

29LE6 

9R1 

14E6 

8W 

17C5 

7CV 

19AU4GTA 4CG 

24JZ8 

12DZ 

30 

4D 

14E7 

8AE 

17C9 

10F 

19BG6G 

5BT 

24LQ6/ 


30AE3/ 


14F7 

8AC 

17CK3 

9HP 

19BG6GA 

5BT 

24JE6C 9QL 

PY88 

9CB 

14F8 

8BW 

17CT3 

9RX 

19CG3 

12HF 

24LZ6 

9QL 

30JZ6 

12GD 

14GT8 

9KR 

17CU5/ 


19CL8A 

9FA 

25A6 

7S 

30KD6 

12GW 

14H7 

8V 

17C5 

7CV 

19DE3 

12HX 

25A6GT 

7S 

30MB6 

12FY 

14J7 

8BL 

17D4 

4CG 

19EA8 

9AE 

25A7GT 

8F 

31 

4D 

14JG8 

9KR 

17DE4 

4CG 

19EZ8 

9KA 

25AC5GT 

6Q 

31AL10 

12HR 

14N7 

8AC 

17DM4 

4CG 

19FX5 

7CV 

25AV5GA 

6CK 

31JS6A 

12FY 

14R7 

8AE 

17DM4A 

4CG 

19GQ7 

9QM 

25AX4GT 

4CG 

31JS6C 

12FY 

15 

5F 

17DQ6A 

6AM 

19HR6 

7BK 

25B5 

6D 

31LQ6 

9QL 

15AF11 

12DP 

17DQ6B 

6AM 

19HS6 

7BK 

25B6G 

7S 

31LR8 

9QT 

15BD11 

12DP 

17DW4A 

9HP 

19HV8 

9FA 

25B8GT 

8T 

31LZ6 

9QL 

15BD11A 

12DP 

17EW8 

9AJ 

19J6 

7BF 

25BK5 

9BQ 

32 

4K 

15CW5 

9CV 

17EW8/ 


19JN8/ 


25BG6GT 

6AM 

32A5 

6AA 

15CW5/ 


HCC85 

9AJ 

19CL8A 9FA 

25BQ6GTB/ 

32ET5 

7CV 

PL84 

9CV 

17GB3 

6AM 

19KG8 

9LY 

25CU6 

6AM 

32ET5A 

7CV 

15DQ8/ 


17GE5 

12BJ 

19MR9 

7BK 

25C5 

7CV 

32HQ7 

12HT 

PCL84 

9HX 

17GJ5 

9QK 

19T8 

9E 

25C6G 

7AC 

32L7GT 

8Z 

15FM7 


17GJ5A 

9QK 

19X8 

9AK 

25CA5 

7CV 

33 

5K 

15FY7 

12E0 

17GT5 

9NZ 

20 

4D 

25CD6GA 5BT 

33GT7 

12FC 

15KY8 

9QT 

17GT5A 

9NZ 

20AQ3/ 


25CD6GB 

5BT 

33GY7 

12FN 

15KY8A 

9QT 

17GV5 

12DR 

LY88 

9CB 

25CG3 

12HF 

33GY7A 

12FN 

15LE8 

9QZ 

17GW6/ 


20EQ7 

9LQ 

25CK3 

9HP 

33JR6 

9QU 

15MF8 

12DZ 

17DQ6B6AM 

20EZ7 

9PG 

25CT3 

9RX 

33JV6 

12FK 

16A8/ 


17H3 

9FK 

20LF6 

12GW 

25CU6 

6AM 

34 

4M 

PCL82 

9EX 

17HB25 

17HB25 

21EX6 

5BT 

25DN6 

5BT 

34CE3 

12GK 

16AK9 

12GZ 

17JB6A 

9QL 

21GY5 

12DR 

25E5/ 


34GD5 

7CV 

16AQ3 

9CB 

17JF6 

9QL 

21HB5 

12 BJ 

PL36 

8GT 

34GD5A 

7CV 

16AQ3/ 


17JG6 

9QU 

21HB5A 

12BJ 

25EC6 

5BT 

34R3 

9CB 

XY88 

9CB 

17JG6A 

9QU 

21HJ5 

12FL 

25EH5 

7CV 

35 

5E 

16BQ11 

12DM 

17JM6A 

12FJ 

21JS6A 

12FY 

25F5A 

7CV 

35B5 

7BZ 

16BX11 

12CA 

17JN6 

12FK 

21JV6 

12FK 

25HX5 

9SB 

35C5 

7CV 

16GK6 

9GK 

17JQ6 

9RA 

21JZ6 

12GD 

25JZ8 

12DZ 

35DZ8 

9JE 

16GY5 

12DR 

17JT6 

9QU 

21KA6 

12GH 

25L6 

7AC 

35EH5 

7CV 

16LU8A 

12DZ 

17JT6A 

9QU 

21KQ6 

9RJ 

25L6GT/ 


35GL6 

7FZ 

17AB10/ 


17JZ8 

12DZ 

21LG6 

12HL 

25W6GT7AC 

35L6GT 

7AC 

17X10 

12 BT 

17KV6A 

9QU 

21LG6A 

12HL 

25N6G 

7W 

35LR6 

12FY 

17AX3 

12BL 

17LD8 

9QT 

21LR8 

9QT 

25W4GT 

4CG 

35W4 

5BQ 

17AX4GT 

4CG 

17RK19 

9CB 

21LU8 

12DZ 

25W6GT 

7 AC 

35Y4 

5AL 

17AX4GTA 4CG 

17X10 

12BT 

22 

4K 

25Y5 

6E 

35Z4GT 

5AA 

17AY3 

9HP 

17Z3/ 


22BH3 

9HP 

25Z6 

7Q 

35Z5GT 

6AD 

17AY3A 

9HP 

PY81 

9CB 

22BH3A 

9HP 

25Z6GT 

7Q 

36 

5E 
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Type 

Terminal 

No. 

Diagram 

36AM3 

5BQ 

36AM3A 

5BQ 

36AM3B 

5BQ 

36KD6 

12GW 

36KD6/ 


40KD6 

12GW 

36MC6 

9QL 

37 

5A 

38 

5F 

38HE7 

12FS 

38HK7 

12FS 

39/44 

5F 

40 

4D 

40KD6 

12GW 

40KG6A/ 


PL509 

9RJ 

41 

6B 

42 

6B 

42EC4A/ 


PY500 

6EC4 

42KN6 

12GU 

43 

6B 

45 

4D 

45Z3 

5AM 

45Z5GT 

6AD 

46 

5C 

47 

5B 

48 

6A 

49 

5C 

50 

4D 

50A5 

6AA 

50B5 

7BZ 

50BM8/ 


UCL82 

9 EX 

50C5 

7CV 

50C6G 

7 AC 

50DC4 

5BQ 

50EH5 

7CV 

50FE5 

8KB 

50FK5 . 

7CV 

50GY7A 

12FN 

50HC6 

7FZ 

50HK6 

7FZ 

50JY6 

8MG 

50L6GT 

7AC 

50X6 

7DX 

50Y6GT 

7Q 

50Y7GT 

8AN 

50Z7G 

8AN 

53 

7B 

53HK7 

12FS 

60FX5 

7CV 

70L7GT 

8AA 

75 

6G 

78 

6F 

80 

4C 

83 

4C 

84/6Z4 

5D 


Type 

Terminal 

No. 

Diagram 

11717/ 

M7GT 

8A0 

117N7GT 

8AV 

117P7GT 

8AV 

117Z3 

4CB 

117Z4GT 

5AA 

117Z6GT 

7Q 

407A 

407A 

408A 

7BD 

884 

6Q2 

955 

5BC 

959 

5BE 

991 

991 

1612 

7T 

1613 

7S 

1614 

7S 

1619 

7 AW 

1620 

7R 

1621 

7S 

1622 

7S 

1629 

7AL 

1635 

8B 

2050 

6BS 

2050A 

6BS 

2076/ 

5R4GYB5T 

5636 

8DC 

5639 

8DE 

5642 

5642 

5651A 

5B0 

5651WA 

5B0 

5654 

7BD 

5663 

6CE 

5670 

8CJ 

5672 

5672 

5678 

5678 

5686 

9G 

5687 

9H 

5691 

8BD 

5692 

8BD 

5693 

8N 

5696 

7BN 

5696A 

7BN 

5718 

8DK 

5719 

8DK 

5725 

7CM 

5726 

6BT 

5727 

7BN 

5734 

5734 

5749 

7BK 

5750 

7CH 

5751 

9A 

5763 

9K 

5783 

5783 

5814A 

9A 

5823 

4CK 

5824 

7S 

5840 

8DE 


Type 

JtCA 

Terminal 

No. 

Diagram 

5842/ 

417A 

9V 

5844 

7BF 

5847/ 

404A 

9X 

5879 

9AD 

5881 

7S 

5896 

8DJ 

5899 

8DE 

5902 

8DE 

5915 

7CH 

5963 

9A 

5964 

7BF 

5965 

9A 

6005 

7BZ 

6012 

6C0 

6021 

8DG 

6072 

9A 

6073 

5B0 

6073/ 

0A2 

5B0 

6074 

5B0 

6074/ 

0B2 

5B0 

6080 

8BD 

6080WA 

8BD 

6082 

8BD 

6111 

8DG 

6112 

8DG 

6186 

7BD 

6189 

9A 

6197 

9BV 

6202 

5BS 

6206 

8DC 

6211 

9A 

6336A 

8BD 

6350 

9CZ 

6360A 

6360A 

6386 

8CJ 

6417 

9K 

6485 

5C 

6550 

7S 

6626/ 

0A2WA 5B0 

6660/ 

6BA6 

7BK 

6661/ 

6BH6 

7CM 

6662/ 

6BJ6 

7CM 

6663/ 

6AL5 

6BT 

6664/ 

6AB4 

5CE 

6669/ 

6AQ5A 

7BZ 

6676/ 

6CB6A 

7CM 


6677/ 

6CL6 9BV 
6678/ 

6U8A 9AE 
6679/ 

12AT7 9A 
6680/ 

12AU7A 9A 
6681/ 

12AX7A 9A 


6688A 

9EQ 

6814 

8DK 

6887 

6BT 

6922/ 

E88CC 

9AJ 

6939 

9HL 

6973 

9EU 

6977 

6977 

7025 

9A 

7027 

8HY 

7027A 

8HY 

7044 

9H 

7054 

9GK 

7055 

6BT 

7056 

7CM 

7057 

9AJ 

7058 

9EP 

7059 

9AE 

7060 

9DA 

7061 

9EU 

7167 

7EW 

7189 

9BL 

7199 

9JT 

7247 

9A 

7258 

9DA 

7308 

9AJ 

7355 

8KN 

7360 

9KS 

7408 

7 AC 

7543 

7BK 

7551 

9LK 

7558 

9LK 

7581A 

7AC 

7586 

12AQ 

7587 

12AS 

7591 

8KQ 

7591A 

8KQ 

7695 

9PX 

7717/ 

6CY5 

7EW 

7724/ 

14GT8 

9KR 

7868 

9NZ 

7895 

12AQ 

7898 

9EP 

7905 

9PB 

8016 

3C 

8056 

12AQ 


8058 

8077/ 

12CT 

7054 

9GK 

8106 

9PL 

8136 

5C 

8203 

12AQ 

8393 

12AQ 

8417 

7S 

8532 

7BQ 

8627 

12CT 

8628 

12AQ 

8808 

8808 

9002 

7BS 

9001 

7BD 

9003 

7BD 

9005 

5BG 

9006 

6BH 

A61 

4G 

A863 

7R 

AD 17 

6AU 

B36 

8BD 

B65 

8BD 

B152 

9A 

B309 

9A 

B329 

9A 

B339 

9A 

B719 

9AJ 

B739 

9A 

B749 

9A 

B759 

9A 

BPM04 

7BZ 

CXF80 

9AE 

D2M9 

6BT 

D63 

6BT 

D152 

6BT 

DA90 

5AP 

DAF91 

6AU 

DAF92 

6BW 

DF33 

5Y 

DF91 

6AR 

DF904 

6AR 

DH63 

7 V 

DH77 

7BT 

DK91 

7AT 

DL012 

9E 

DL31 

6X 

DL33 

7AP 

DL91 

7AV 

DL92 

7 BA 

DL94 

6BX 

DL95 

7 BA 

DP61 

7BD 

DY30 

3C 

DY80 

9Y 

DY87 

9DT 

E81CC 

9A 

E82CC 

9A 

E83CC 

9A 
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Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

Type 

Terminal 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

No. 

Diagram 

EAA91 

6BT 

EF190 

7CM 

KT77 

8N 

OC2 

5B0 

U70 

5AA 

EABC80 

9E 

EF811 

9AQ 

KT81 

6AA 

0C3 

4AJ 

U74 

5AA 

EB34 

7Q 

EF814 

9AQ 

KT88 

8EP 

0C3A 

4AJ 

U76 

5BS 

EB91 

6BT 

EF905 

7BD 

KTW63 

7R 

0D3 

4AJ 

U78 

5BS 

EBC90 

7BT 

EFL200 

10L 

KTZ63 

7R 

0D3A 

4AJ 

U707 

5DA 

EBC91 

7BT 

EFL201 

10L 

L63 

6Q 

0SW3104 

8R 

U709 

9M 

EBF85 

9HE 

EH90 

7CH 

16 3 B 

6Q 

0SW3105 

8Q 

UCL82 

9EX 

EBF89 

9HE 

EK90 

7CH 

L77 

6BG 

0SW3106 

7AC 

UCL83 

9EX 

EC88 

9NY 

EL22 

6AA 

LC900 

7GM 

0SW3110 6R 

UU12 

9M 

EC90 

6BG 

EL34 

8ET 

LCF80 

9DC 

0SW3111 

8N 

V153 

4G 

EC92 

5CE 

EL37 

7AC 

LCF86 

9MP 

0Z4 

4R 

V741 

6BG 

EC94 

7DK 

EL84 

9CV 

LCF201 

10K 

0Z4A 

4R 

VSM70 

5BS 

EC95 

7FP 

EL86 

9CV 

LCF801 

9QA 

0Z4G 

4R 

W17 

6AR 

EC97 

7FP 

EL90 

7BZ 

LCF802 

9AE 

PC95 

7FP 

W61 

7R 

EC900 

7GM 

EL95 

7DQ 

LCL82 

9EX 

PC900 

7GM 

W63 

7R 

ECC32 

8BD 

EL180 

9BF 

LCL84 

9HX 

PCC18 

9A 

W81 

8 V 

ECC35 

8BD 

EL500 

9NH 

LCL85 

9LY 

PCC85 

9AJ 

W143 

8V 

ECC81 

9A 

EL509 

9RJ 

LF183 

9AQ 

PCF80 

9DC 

W148 

8V 

ECC82 

9A 

EM35 

6R 

LF184 

9AQ 

PCF82 

9DX 

W727 

7BK 

ECC83 

9A 

EM84 

9GA 

LF200 

10L 

PCF86 

9MP 

X17 

7AT 

ECC85 

9AJ 

EM87 

9GA 

LFL200 

10L 

PCF801 

9QA 

X63 

8A 

ECC88 

9AJ 

EM840 

7S 

LL86 

9CV 

PCF802 

9AE 

X77 

7CH 

ECC89 

9DE 

EY81F 

9BD 

LL500 

9NH 

PCL82 

9EX 

mi 

6CH 

ECC91 

7BF 

EY88 

9CB 

LN119 

9EX 

PCL84 

9HX 

X150 

12BQ 

ECC180 

9AJ 

EY500 

6EC4 

LY88 

9CB 

PCL85 

9LY 

X727 

7CH 

ECC186 

9A 

EZ4 

9M 

LZ319 

9DC 

PCL800 

9GK 

XC95 

7FP 

ECC189 

9AJ 

EZ35 

6S 

LZ329 

9DC 

PH4 

8A 

XC97 

7FP 

ECC801 

9A 

EZ90 

5BS 

M709 

9CV 

PL36 

8GT 

XC900 

7GM 

ECC802 

9A 

EZ900 

5BS 

M8080 

6BG 

PL84 

9CV 

XCC82 

9A 

ECC803 

9A 

GZ30 

5T 

M8081 

7BF 

PL500 

9NH 

XCC189 

9AJ 

ECF80 

9DC 

GZ32 

5DA 

M8108 

7BK 

PL509 

9RJ 

XCF80 

9DC 

ECF82 

9AE 

GZ34 

5DA 

M8136 

9A 

PL521 

9RJ 

XCF801 

9QA 

ECF86 

9MP 

GZ37 

5DA 

M8137 

9A 

PM04 

7BK 

XCL85 

9LY 

ECF200 

10K 

H63 

5M 

M8162 

9A 

PM05 

7BD 

XF94 

7BK 

ECF201 

10K 

HAA91 

6BT 

M8245 

7BZ 

PY81 

4G 

XF183 

9AQ 

ECF801 

9QA 

HBC90 

7BT 

N16 

7AP 

PY83 

4G 

XF184 

9AQ 

ECF802 

9AE 

HBC91 

7BT 

N17 

7BA 

PY88 

4G 

9CV 

XL84 

ECH42 

12BQ 

HCC85 

9AJ 

N18 

7BA 

PY500 

6EC4 

XL86 

9CV 

ECL82 

9 EX 

HD14 

5Z 

N19 

6BX 

PY800 

4G 

XL500 

9NH 

ECL84 

9HX 

HD94 

6AM 

N63 

7S 

QA2401 

6BG 

XXA-91 

6BT 

ECL85 

9LY 

HD 96 

6AM 

N148 

6AA 

QA2404 

6BT 

XY88 

9CB 

ECL86 

9LZ 

HF93 

7BK 

N308 

8GT 

QA2406 

9A 

Y61 

6R 

ECL180 

8CK 

HF94 

7BK 

N369 

9EX 

QB309 

9A 

YC95 

7FP 

EF22 

8V 

HK90 

7CH 

N727 

7BZ 

QL77 

6BG 

YCC189 

9AJ 

EF37 

7R 

HL92 

7CV 

0A2 

5B0 

R-19 

9Y 

YCL180 

9AJ 

EF80 

9FN 

HM04 

7CH 

0A2WA 

5B0 

R-52 

5DA 

YF183 

9AQ 

EF93 

7BK 

HY90 

5BQ 

0A3 

4AJ 

RJ2 

5T 

YF184 

9AQ 

EF94 

7BK 

HZ90 

5BS 

0A3A 

4AJ 

T2M05 

7BF 

Z14 

5Y 

EF95 

7BD 

KT-32 

7AC 

0A4G 

4V 

1)41 

3C 

Z63 

7R 

EF96 

7BD 

KT-63 

7S 

0B2 

5B0 

U50 

5T 



EF183 

9AQ 

KT66 

7AC 

0B2WA 

5B0 

U52 

5T 



EF184 

9AQ 

KT71 

7 AC 

0BC3 

8Q 

U54 

5DA 
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III. TERMINAL CONNECTIONS 


This chart gives the pin or termi¬ 
nal connections for each terminal 
diagram designation referred to in 
this manual. The following tabula¬ 
tion gives the meaning of each of 


the symbols, letter combinations or 
subscripts, used in this chart and 
on the basing diagrams in the 
Technical Data Section. 


DJa = Deflecting Elec¬ 
trode A 

DJb = Deflecting Elec¬ 
trode B 

F = Filament End (Un¬ 
polarized) 

F+ = Filament End 
(Positive only) 

F- = Filament End 

(Negative only) 
Fm = Filament Tap 

G = Grid 

Gi. G 2 , etc. = Grid No.l, Grid 
No.2, etc. 

H = Heater End (Un¬ 
polarized) 


B = Beam Power Unit 
D = Diode Unit 
HP = Heptode Unit 


LETTER COMBINATIONS 

Ha — Heater End A 
Hb = Heater End B 
HI = Heater Insulator 
Hm = Heater Tap 
1C = Do Not Use 
IS = Internal Shield 
(Electrostatic) 
JPR = Jumper End 
K = Cathode 
LC = May be used only 
under Limited 
Conditions 

NC = No Internal Con¬ 
nection 

NC G = No Base Connec¬ 
tion, glass tube 


SUBSCRIPTS FOR MULTIUNIT TYPES 

HX = Hexode Unit 
P = Pentode Unit 
T = Triode Unit 


Plate (Vacuum 
P =< tubes) 

Anode (Gas-filled 
l tubes) 

Pa = Plate A 
Pb = Plate B 
RCJ = Ray-Control Elec¬ 
trode 

REM = Remote 
S = Metal Shell 
S M = Shell connec¬ 
tion, metal 
tube 

SHP = Sharp 
STR = Starter 
TA = Fluorescent Target 
TC = Top Cap 
* = Gas Filled 


TR = Tetrode Unit 
1, 2, 3, etc. = No. 1, No. 2, 
No. 3, etc. 


Please note that the terminal dia¬ 
grams given in the Technical Data 
Section are bottom views of the 
tube base and that the pins or 
terminals are numbered clockwise. 
For essentially all modern tubes the 
spacing between pin No. 1 and the 
pin having the highest number is 
somewhat larger than the spacing 


between all the other pins. For octal 
based types, the “key” for orienting 
the tube when it is inserted in a 
socket also serves to designate pin 
No. 1, which is the first pin clock¬ 
wise from the key. The following 
diagrams illustrate the terminal con¬ 
figuration of receiving tubes most 
commonly encountered. 




Miniature 


Duodecar 


Octal 
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Termi¬ 

nal 

Dia- 1 
gram 1 

2 

3 

4 

PIN NUMBER 

5 6 7 8 9 ID 11 12 TC 

1AY2 F 

F 






P 

3C LC 

F 

LC 

LC 

LC 

LC 

FJS 

LC P 

4AA* F 

P 

NC 

NC 

1C 

G 

NC 

F 

4AJ* NC 

K 

JPR 


P 


JPR 

NC 

4C PD2 

PD1 

F 

F 





4CB 1C 

NC 

H 

H 

P 

K 

NC 


4CG 1C 

1C 

K 


P 


H 

H 

4CK* P 

1C 

K 

STR 

1C 

1C 

K 


4D F 

P 

G 

F 





4F F 

P 

F 

G 





4G H 

P 

K 

H 





4K F 

P 

G2 

F 




G1 

4M F+ 

P 

G2 

F—,G3 




G1 

4R* S 

NC 

P2 


PI 


NC 

K 

4V* NC 

K 

NC 


P 


STR 

NC 

4Z H 

P 

NC 

NC 

NC 

NC 

K 

H 

5A H 

P 

G 

K 

H 




5AA NC 

H 

NC 


P 


H 

K 

5AB H 

NC 

PD2 

NC 

NC 

PD1 

K 

H 

5AC H 

P 

NC 

NC 

NC 

G 

K 

H 

5AD F-b 

P 

G2 

NC 

NC 

G1 

NC 

F—,G3 

5AG F+ f IS 

PT 

NC 

PD 

NC 

GT 

NC 

F- 

5AL H 

P 

NC 

HM 

NC 

NC 

K 

H 

5AM H 

P 

1C 

K 

NC 

P 

H 


5AP H 

P 

K 

NC 

1C 

P 

H 


5AY G 

NC 

H 

H 

K 

NC 

P 


5B F 

P 

G1 

G2 

F 




5BC H 

P 

G 

H 

K 




5BE F+ 

G2 

G3 

F- 

F- 



TOP LEAD P 


BOT LEAD G1 
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Termi¬ 

nal 

Dia¬ 

gram 

1 

2 

3 

4 

PIN 

5 

NUMBER 

S 7 8 9 

10 

11 12 TC 

5BG 

HB 

K 

P 

HA 

HA 






5B0* 

P 

K 

1C 

K 

P 

1C 

K 




5BQ 

NC 

NC 

H 

H 

P 

HL 

K 




5BS 

PD2 

NC 

H 

H 

NC 

PD1 

K 




5BT 

NC 

H 

K,G3 

NC 

G1 

NC 

H 

G2 


P 

50 

F 

P 

G1 

G2 

F 






50E 

P 

NC 

H 

H 

NC 

G 

K 




50 

H 

PD2 

PD1 

K 

H 






5DA 

1C 

H 

PD2 

PD1 

H,K 






5DE 

F 

1C 

F 


PD2 


PD1 




5E 

H 

P 

G2- 

K 

H 





G1 

5F 

H 

P 

G2 

K,G3 

H 





G1 

5K 

F+ 

P 

G1 

G2 

F-G3 






5L 

NC 

H 


PD2 


PD1 

H,K 




5M 

NC G 

S M 

H 

NC 

P 

NC 


H 

K 


G 

5Q 

NC 

NC 

PD2 

NC 

PD1 

NC 

F 

F 



5R 

NC 

F 

P 

G2 

NC 


F 

NC 


G1 

5S 

NC 

F 

P 

NC 

G 

NC 

F 

NC 



5T 

NC G 

S M 

F 


PD2 


PD1 


F 



5U 


H 

P 


NC 


H 

K 


G1 

5Y 

BC 

F+ 

P 

G2 

NC 


F— f IS 
G3 

NC 


G1 

cn 

ts 

BC 

F+ 

PT 

NC 

PD 


F- 

NC 


GT 

6A 

H 

P 

G2 

G1 

K 

H 





6AA 

H 

P 

G2 

NC 

NC 

G1 

K,G3 

H 



6AB 

NC G 

S M 

K 

G 


P 


H 

H 



6AD 

NC 

H 

HM 


P 


H 

K 



6AE 

H 

P 

G2 

NC 

NC 

G1 

K,G3 

H 
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Termi¬ 

nal 

Dia- 1 
gram 1 

2 

3 

4 

PIN 

5 

NUMBER 

6 7 8 9 

10 11 12 TC 

6AF NC 

F+ 

P 

G2 

G1 


F-G3 

NC 


6AM NC 

H 

NC 

G2 

G1 


H 

K,G3 

P 

6AR F-IS 
G3 

P 

G2 

NC 

F-IS 

G3 

G1 

F+ 



6AS H 

PT2 

PT1 

GT1 

K 

H 




6AU F- 

G3P 

NC 

PD 

G2P 

PP 

G1P 

F+ 



6AX F+ 

PP 

G2P 

PD 

NC 

G1P 

NC 

F- 

G3P 


6B H 

P 

G2 

G1 

K 

G3 

H 




6BA F+ 

P 

G2 

NC 

NC 

G1 

FM 

G3 

F- 


6BG P 

1C 

H 

H 

P 

G 

K 



6BH P 

K 

H 

H 

P 

NC 

K 



6BS* 

H 

P 

NC 

G1 

G2 

H 

K 


6BT KD2 

PD1 

H 

H 

KD1 

IS 

PD2 



6BW F- 

G3P 

PP 

G2P 

PD 

NC 

G1P 

F-h 



6BX F— 

P 

G2 

NC 

FM,G3 

G1 

F+ 



6C F 

PT2 

GT2 

GT1 

PT1 

F 




6CC G1 

G3,K 

H 

H 

P 

G2 

NC 



6CE* G1 

K 

H 

H 

G2 

NC 

P 



6CK G1 

H 

G3,K 


P 


H 

G2 


6CN KD2 

H 

1C 

PD2 

PD1 


H 

KD1 


6C0* K 

H 

G1 


P 


H 

G2 


6D H 

PT2 

PT1 

GT1 

K 

H 




6E H 

PD2 

KD2 

KD1 

PD1 

H 




6EC4 1C 

P 

HI 

H 

H 

1C 

P 

P 1C 

K 

6F H 

P 

G2 

G3 

K,IS 

H 



G1 

6G H 

PT 

PD2 

PD1 

K 

H 



G1 

6J H 

ES 

PD2 

K 

PD1 

H 
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PIN NUMBER 


Dia¬ 

gram 

i 

2 

3 

4 

5 

6 

7 

8 S 10 It 12 TC 

6K 

HM 

H 

PD2 

K 

PD1 

H 



6L 

F 

P 

G2 

G1 

G3,G5 

F 


G4 

6M 

F 

PT 

PD2 

PD1 

GT 

F 



6Q 

NO G 

S M 

H 

P 


G 


H 

K 

6R 

H 

PT 

RCJ 

GT 

TA 

K 

H 



6$ 

NC G 

S M 

H 

PD2 


PD1 


H 

K 

6W 

F+ 

PP 

G2P 

PD2 

PD1 

F- 

G3P 


G1P 

6X 

NC 

F+ 

P 

G2 

G1 


F—,G3 


7AA 

NC 

F+ 

PT 

PD2 

PD1 

GT 

F- 

NC 

TAB 

NC 

F 

PT2 

GT2 

GT1 

PT1 

F 

NC 

7AC 

NC G 

S M 

H 

P 

G2 

G1 


H 

K 

G3 

7AF 

NC 

F+ 

PP 

PD2 

PD1 

G2P 

F- 

G3P 

NC G1P 

7AG 

NC 

H 

RCJB 

RCJA 

TA 


H 

K 

7AH 

NC 

H 

PT 

REM 

PT 

SHP 

G 


H 

K 

7A1 

H 

KD2 

PD2 

NC 

IS 

PD1 

KD1 

H 

7AK 

F 

P 

G2 

G1 

G3,G5 

G4 

NC 

F 

7AL 

NC 

H 

PT 

RCJ 

TA 

GT 


H 

K 

7AM 

NC 

F+ 

PP 

G2P 

G1P 

PD 

F- 

G3P 

NC 

7A0 

F+ 

P 

G2 

G3 

F—IS 

G1 

NC 

F—, IS 

7AP 

NC 

F-h 

P 

G2. 

G1 


F- 

G3,FM 

7AQ 

NC 

F 

P 

G2. 

G1 


F 

FM,G3 

7AT 

F—,G5 

P 

G2,G4 

G1 

F—,G5 

G3 

F+ 


7AU 

NC 

H 

PT2 

PT1 

GT1 


H 

K 

7AV 

F-G3 

P 

G1 

G2 

F-G3 

P 

F4* 
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PIN NUMBER 


Dia- 1 
gram 1 

2 

3 

4 

5 

6 

7 

8 

9 10 11 12 TC 

7AW S 

F 

P 

G2 

G1 


F 

G3 


7AX NC 

H 

P 

GB 

KB 

GA 

H 

KA 


7AZ S 

G1P 

K,G3P 

G2P 

PD 

PP 

H 

H 


7B 

H 

PT2 

GT2 

K 

GT1 

PT1 

H 



7BA F 

P 

G1 

G2 

FM,G3 

P 

F+ 



7BB F- 

P 

G2 

G1 

FM 

P 

F+ 



7BC F- 

PT2 

GT2 

FM 

GT1 

PT1 

F-b 



7BD G1 

K,IS 

G3 

H 

H 

P 

G2 

K, IS 
G3 



7BF PT2 

PT1 

H 

H 

GT1 

GT2 

K 



7BK 61 

G3,IS 

H 

H 

P 

G2 

K 



7BN* G1 

K 

H 

H 

G2 

P 

G2 



7BQ G,IS 

K 

H 

H 

G,IS 

G,IS 

P 



7BR H 

G 

P 

P 

G 

H 

K 



7BS P 

K 

H 

H 

P 

G 

K 



7BT GT 

K 

H 

H 

PD2 

PD1 

PT 



7BZ G1 

K,G3 

H 

H 

P 

G2 

G1 



7C 

H 

P 

G3,G5 

G2 

G1 

K 

H 


G4 

7CC G1 

G3 

H 

H 

P 

G2 

K 



7CH G1 

K,G5 

H 

H 

P 

G2,G4 

G3 



7CK K,IS 
G3 

H 

G2 

K,IS 

G3 

G1 

K,IS 

G3 

H 

BC 

P 

7CM G1 

K 

H 

H 

P 

G2 

G3,IS 



7CV K,G3 

G1 

H 

H 

G1 

G2 

P 



7CY G2 

FM,G3 

IS 

G1 

F 

F 

FM,G3 

IS 

P 



70 

H 

PP 

G2P 

PD2 

PD1 

K,G3P 

H 


G1P 

7DC F 

P 

G2 

G1 

G3,G5 

G4 

F 



7DF K,IS 

G1 

H 

H 

G2 

G3 

P 



7DK P 

G 

H 

H 

K 

G 

P 
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PIN NUMBER 


Dia¬ 

gram 

1 

2 

3 

4 

5 

6 

7 

8 9 10 11 12 TC 

7DQ 

G1 

K,G3 

H 

H 

P 

G2 

G1 


7DX 

H 

KD2 

PD2 

NC 

NC 

PD1 

KD1 

H 

7E 

H 

PP 

G2P 

PT 

GT 

K,G3P 

H 

G1P 

7EA 

K,G3P 

PD 

H 

H 

PP 

G2P 

G1P 


7 EG 

K 

G 

H 

H 

P 

K 

G 


7EK 

K 

G2 

H 

H 

G1 

G1 

P 


7EN 

G1 

K,IS 

H 

H 

P 

G2 

G3 


7EW 

G1 

K,IS 

H 

H 

P 

G2 

K, IS 


7F 

H 

P 

G2 

G1 

K,G3 

HM 

H 


7FB 

GT 

PT 

H 

H 

PD2 

PD1 

K 


7FL 

NC 

PD2 

H 

H 

K 

IS 

PD1 


7FP 

K 

G2 

H 

H 

P 

IS 

K 


7FQ 

G1 

IS 

H 

H 

P 

G2 

K 


7FZ 

K,G3 

G1 

H 

H 

G2 

HM 

P 


7G 

H 

PT 

ES 

PD2 

PD1 

K 

H 

GIT 

7GA 

G1 

K,G2 

H 

H 

P 

G3 

K,G2 




G4 





G4 


7GM 

G1 

K 

H 

H 

P 

IS 

K 


7H 

H 

P 

G2 

G3 

ES 

K 

H 

G1 

7K 

H 

PP 

G2P 

KD 

PD 

KP 

G3P 

H 

G1P 

7Q 

NC G 

H 

PD2 

KD2 

PD1 


H 

KD1 


S M 








7R 

NC G 

H 

P 

G2 

G3 


H 

K 


S M 







IS 

7S 

NC G 

H 

P 

G2 

G1 


H 

K 


S M 







G3 

7T 

NC G 

H 

P 

G2 

G3 


H 

K G1 


S M 



G4 




G5 

7U 

NC 

H 

H 

PP 

G2P 

PT 

G1 

K,G3P G1P 

7V 

NC 

H 

PT 

PD2 

PD1 


H 

K GT 



Terminal Connections 


619 


PIN NUMBER 


Dia¬ 

gram 

i 

2 

3 

4 

5 

6 

7 

8 9 

10 11 12 TC 

7W 

NC 

H 

PT2 

PT1 

GT1 


H 

K 


11 

BG 

F 

P 

G3,G5 

G1 

G2 

F 

NC 

G4 

8A 

NC G 

S M 

H 

P 

G3 

G5 

G1 

G2 

H 

K 

G4 

8AA 

KD 

H 

PB 

G2B 

GIB 

KB 

G3B 

H 

PD 


8AC 

H 

KT2 

PT2 

GT2 

GT1 

PT1 

KT1 

H 


8AD 

NC 

H 

P 

G2,G4 

G1 

K,G5 

H 

G3 


8AE 

H 

PP 

PD2 

PD1 

G2P 

G1P 

K,G3P 

H 


8AJ 

NC 

F-h 

PP 

G2P 

G1P 

PT 

F- 

G3P 

PD 

GT 

8AL 

H 

P 

G2,G4 

G1 

G5 

G3 

K 

H 


SAN 

NC 

H 

PD2 

KD2 

PD1 

HM 

H 

KD1 


8A0 

KD 

H 

PB 

GIB 

G2B 

PD 

H 

KB 

G3B 


8AS 

FM.IS 

G3P 

F 

PP 

G2P 

GT 

PT 

F- 

PD 

GT 

8AV 

NC 

H 

PB 

GIB 

G2B 

KB 

G3B 

PD 

H 

KD 


8AY 

GT 

H 

PP 

G2P 

G1P 

PT 

H 

K,G3P 


8B 

NC G 

S M 

H 

PT2 

GT2 

GT1 

PT1 

H 

K 


8BD 

GT2 

PT2 

KT2 

GT1 

PT1 

KT1 

H 

H 


8BE 

GT2 

KT2 

PT2 

KT1 

GT1 

PT1 

H 

H 


8BF 

H 

KT 

PT 

GT 

PD2 

PD1 

KD1 

KD2 

H 


8BJ 

H 

P 

G2 

K 

IS,G3 

G1 

K 

H 


8BK 

S 

H 

K,G3 

G1 

K,G3 

G2 

H 

P 


8BL 

H 

PHP 

PT 

GT 

G3HP 

G2HP 

G4HP 

G1HP 

K, IS 
G5HP 

H 


8BU 

G1B1 

K 

G3B1 

G3B2 

G1B2 

PB2 

G2B1 

G2B2 

H 

H 

PB1 


8BW 

GT2 

H 

PT2 

KT2 

KT1 

PT1 

H 

GT1 
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PIN 

NUMBER 




Dia¬ 

gram 

i 

2 

3 

4 

5 

6 

7 

8 9 

10 


12 TC 

8BZ 

H 

PT2 

G1 

KT,IS 

PD1 

PD2 

KD2 

H 








KD1 








8C 

NC 

F+ 

PP2 

G1P2 

G1P1 

PP1 

F-G3 

G2 




8CB 

PD3 

KT 

PD1 

PD2 

KD1 

PT 

H 

H 



GT 



KD2 












K03 










8CH 

G 

H 

TA 

DJ2 

DJ3 

DJI 

H 

K 




8CJ 

H 

KT2 

GT2 

PT2 

IS 

PT1 

GT1 

KT1 H 




8CK 

PD2 

KD1 

PD1 

GT 

PT 

KT 

H 

H 






KD2 










8CN 

1C 

G1 

NC 

F-G5 

F-b 

P 

G2,G4 

G3 




8CP 

NC 

G1 

NC 

F-G3 

F-f 

NC 

P 

G2 




8CT 

G2,G4 

G1 

K 

H 

H 

G5, IS 

G3 

IS P 




8DA 

PP 

NC 

G1P 

F- 

F+ 

PD 

NC 

G2P 








G3P 








8DC 

G1 

MS 

H 

G3 

P 

H 

G2 

MS 




8DE 

G1 

K,G3 

H 

K,G3 

P 

H 

G2 

K,G3 




8DG 

PT2 

GT2 

H 

KT2 

KT1 

H 

GT1 

PT1 




8BJ 

PD2 

KD2 

H 

IS 

PD1 

H 

KD1 

NC 




8DK 

G 

NC 

H 

NC 

K 

H 

NC 

P 




8E 

BC 

H 

PP 

PD2 

PD1 

G2P 

H 

K,G3P 



G1P 

8EL 

G 

H 

NC 


P 


H 

K 




8EP 

G3 

H 

P 

G2 

G1 

NC 

H 

K 




8ET 

G3 

H 

P 

G2 

G1 

NC 

H 

K 




8EZ 

LC 

H 

LC 


LC 


H,K 




P 








IS 





8F 

KD 

H 

PP 

G2P 

G1P 

PD 

H 

KP 












G3P 




8FU 

K 

H 

NC 


NC 


H 

NC 



P 

8G 

NC 

H 

PT2 

KT2 

GT1 

PT1 

H 

KT1 



GT2 

8GB 

1C 

1C 

K 

1C 

P 

1C 

H 

H 




8GC 

K 

H 

1C 

1C 

G 

1C 

H 

1C 



P 
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PIN NUMBER 


Dia- -i 
gram 

2 

3 

4 

5 

6 

7 

8 9 

10 

11 12 TC 

8GD G2 

H 

G3,K 

G1 

G1 

G3,K 

H 

G2 


P 

8GH LC 

H 

LC 

LC 

LC 

LC 

H,K 

IS 

LC 


P 

8GT 1C 

H 

1C 

G2 

G1 


H 

K,G3 


P 

8H NC 

H 

PHP 

G2HP 

G4HP 

GT 

G3HP 

PT 

H 

K 

G5HP 


G1HP 

8HY G2 

H 

P 

G2 

G1 

G1 

H 

K,G3 



8JB G 

H 

G 


P 


H 

K 



8JC G1 

H 

G3 f K 

G2 

G1 

G3,K 

H 

G2 


P 

8JP G1P2 

H 

PP2 

G2 

G1P1 

PP1 

H 

K,G3 



8JX 

H 

K,G3 

G2 

G1 


H 

G2 


P 

8K S 

H 

PHX 

G2HX 

G4HX 

GT 

G1HX 

PT 

H 

K 


G3HX 

8KB 

H 

P 

G2 

G1 

H 

K,G3 




8KN 

H 

P 


G3,K 

G1 

H 

G2 



8KQ 

H 

P 

G2 

G3,K 

G1 

H 

G2 



8KS F 

F 

PD2 

PD2 

PD1 

PD1 

F 

F 



8LY P 

H 

P 

G2 

G1 


H 

K,G3 



8MG IS 

H 

G3 

G2 

G1 

NC 

H 

K 


P 

8MH LC 

H 

LC 


LC 


H,K 

IS 

LC 


P 

8MK 1C 

F 

1C 


1C 


F,IS 

1C 


P 

8ML IS 

H 

1C 

1C 

G 

K 

H 

1C 


P 

8MQ 1C 

H 

IS 

1C 

G 

K 

H 

1C 


P 

8MT NC 

1C 

H 

1C 

1C 

1C 

NC 

H,K 

IS 


P 

8MU 1C 

H 

1C 

NC 

1C 

NC 

H,K 

IS 

1C 


P 

8MW K,IS 

H 

1C 

1C 

G 

NC 

H 

1C 


P 

8MX H,K 

IS 

H 

1C 

NC 

1C 

NC 

H,K 

IS 

1C 


P 

8MY NC 

1C 

H 

1C 

H 

1C 

NC 

H 


P 

8MZ F,IS 

F 

F,IS 

NC 

F,IS 

NC 

F,IS 

NC 


P 

8N S 

H 

G3 

G1 

K 

G2 

H 

P 



8NB G1 

K,G3 

G2 

NC 

G1 

1C 

H 

H 


P 
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PIN NUMBER 


Dia¬ 

gram 

1 

2 

3 

4 

5 

6 

7 

8 

9 10 

11 12 TC 

8NC 

1C 

K,G3 

G2 

NC 

G1 

1C 

H 

H 


P 

8ND 

NC 

1C 

F 

1C 

F 

1C 

NC 

F,IS 


P 

8NJ 

K, IS 

H 

1C 

1C 

G 

G 

H 

1C 


P 

8NL 

1C 

H,K 

IS 

H 

NC 

H 

H,K 

IS 

NC 

H,K 

IS 


P 

8NP 

1C 

1C 

H 

IS 

IS 

G 

K 

H 


P 

sa 

S 

GT 

K 

PD2 

PD1 

PT 

H 

H 



8R 

S,G5 

H 

P 

G2,G4 

G1 

K 

H 

G3 



8S 

S 

PT2 

GT2 

GT1 

PT1 

K 

H 

H 



8T 

KP 

G3P 

H 

PP 

G2P 

PT 

KT 

H 

GT 


G1P 

8U 

H 

P 

G2 

G1 

G3,G5 

G4 

K,G6 

H, 



8V 

H 

P 

G2 

G3 

IS 

G1 

K 

H 



8W 

H 

PT 

GT 

1C 

PD2 

PD1 

IS,K 

H 



8X 

H 

P 

G2 

G1 

G3,G5 

G4 

K 

H 



8Y 

G3,S 

H 

NC 

G1 

K 

G2 

H 

P 



8Z 

KD 

H 

PB 

G2B 

GIB 

PD 

H 

KB 

G3B 



9A 

PT2 

GT2 

KT2 

HT2 

HT1 

PT1 

GT1 

KT1 

HM 


9AC 

1C 

K 

G 

H 

H 

G 

1C 

1C 

P 


9AD 

G1 

NC 

K 

H 

H 

NC 

G2 

P 

G3 


9AE 

PT 

G1P 

G2P 

H 

H 

PP 

KP, IS 
G3P 

KT 

GT 


9AG 

K 

G 

HM 

H 

H 

NC 

G 

NC 

P 


9AJ 

PT2 

GT2 

KT2 

H 

H 

PT1 

GT1 

KT1 

IS 


9AK 

G3P 

GT 

PT 

H 

H 

K 

G1P 

G2P 

PP 


9AQ 

K 

G1 

K 

H 

H 

IS 

P 

G2 

G3 


9AU 

IS 

G1 

K 

H 

H 

IS 

P 

G2 

G3 


9AX 

KD3 

PD3 

IS 

H 

H 

PD2 

KD2 

PD1 

KD1 


9BD 

NC 

P 

NC 

H 

H 

NC 

P 

NC 

P 

K 

9BF 

K 

G1 

G3,IS 

H 

H 

HM 

P 

G2 

G3, IS 


9BL 

1C 

G1 

K,G3 

H 

H 

1C 

P 

1C 

G2 


9BQ 

P 

NC 

G1 

H 

H 

K,G3 

61 

G2 

NC 


9BV 

K 

G1 

G2 

H 

H 

P 

G3,IS 

G2 

61 
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Termi¬ 

nal 

Dia¬ 

gram 

1 

2 

3 

4 

PIN 

5 

NUMBER 

6 7 8 

9 10 11 12 TC 

9BX 

G 

K 

G 

G 

P 

G 

H 

H 

G 

9CA 

G2HP 

G4HP 

G1HP 

K 

G5HP 

H 

H 

PHP 

G3HP 

PT 

GT 

9CB 

1C 

1C 

1C 

H 

H 

1C 

1C 

1C 

P K 

9CF 

PT 

GT 

KT 

H 

H 

PD2 

PD1 

KD1 

KD2 

IS 

HM 

9CK 

G2 

NC 

G1 

H 

H 

G1 

K,G3 

NC 

P 

9CV 

1C 

G1 

K,G3 

H 

H 

1C 

P 

1C 

G2 

9CY 

KP 

G1P 

G2P 

H 

H 

PP 

KD 

PD 

G3P 

IS 

9CZ 

PT2 

KT2 

GT2 

H 

H 

PT1 

KT1 

GT1 

HM 

90A 

PT 

GT 

KT 

H 

H 

PP 

G2P 

G1P 

G3P 

KPJS 

9DC 

PT 

G1P 

G2P 

H 

H 

PP 

KP, IS 
G3P 

KT 

GT 

9DE 

PT2 

GT2 

KT2 

H 

H 

PT1 

GT1 

KT1 

IS 

9DJ 

PD2 

NC 

NC 

H 

H 

NC 

PD1 

NC 

K 

9DP 

DJ2 

DJI 

G3 

HB 

HA,IS 
G2 

G1 

K 

P2 

PI 

90R 

P 

G 

G 

H 

H 

K 

G 

G 

P 

90S 

G2P 

G1P 

KP 

H 

H 

PD 

G3P 

IS 

KD 

PD 

9DT 

H,K 

IS 

H 

NC 

H,K 

IS 

H 

H,K 

IS 

NC 

H 

H,K P 

IS 

9DW 

GT 

PT 

K 

H 

H 

PP 

G2P 

G3P 

G1P 

9DX 

KT 

GT 

PT 

H 

H 

G3P 

KP,IS 

G1P 

G2P 

PP 

9DZ 

KT 

GT 

PT 

H 

H 

G1P 

G3P 

KPJS 

G2P 

PP 

9E 

PD3 

PD2 

KD2 

IS 

H 

H 

PD1 

KT, IS 

KD1 

KD3 

GT 

PT 

9EC 

G3P 

KTJS 

GT 

PT 

H 

H 

G1P 

KP 

G2B 

PP 

9ED 

PP 

G2P 

KP 

H 

H, IS 
G3P 

G1P 

KT 

PT 

GT 

9EF 

PT2 

NC 

GT2 

H 

H 

PT1 

GT1 

KT1 

KT2 
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PIN NUMBER 


Dia¬ 

gram 

1 

2 

3 

4 

5 

6 

7 

8 

9 

9EG 

GT 

PT 

KT,IS 

G3P 

H 

H 

PP 

G2P 

KP 

G1P 

9EN 

PD2 

PD1 

KD1 

KD2 

IS 

H 

H 

KT 

GT 

PT 

HM 

9EP 

PT2 

GT2 

KT2 

H 

H 

PT1 

GT1 

KT1 

1C 

9EQ 

K 

G1 

K 

H 

H 

1C 

P 

G3 

G2 

9ER 

PD2 

KD2 

KD1 

H 

H 

PD1 

PT 

GT 

KT 

9ES 

PT2 

NC 

KT1 

H 

H 

PT1 

GT1 

GT2 

KT2 

9EU 

G2 

NC 

G1 

H 

H 

G1 

K,G3 

G2 

P 

9EX 

GT 

KP,IS 

G3P 

G1P- 

H 

H 

PP 

G2P 

KT 

PT 

9FA 

GT 

PT 

KT 

H 

H 

PP 

G2P 

KP,IS 

G3P 

G1P 

9FE 

PD2 

PD1 

KD1 

KD2 

H 

H 

PP 

G2P 

G1P 

KP 

G3P 

9FG 

K 

G2,IS 

PP2 

H 

H 

G3P2 

G1 

PP1 

G3P1 

9FH 

PD2 

GP2 

PP 

H 

H 

PD1 

K 

G1P 

G3P 

9FJ 

KT 

GT 

PT 

H 

H 

PD2 

KD1 

KD2 

PD1 

9FK 

K 

1C 

P 

H 

H 

1C 

1C 

P 

1C 

9FN 

G1P 

G3P 

IS 

KD 

H 

H 

PD 

PP 

G2P 

KP 

9FT 

KT 

PP 

G2P 

H 

H,IS 

G3P 

KP 

G1P 

GT 

PT 

9FX 

GT 

PT 

KT 

H 

H 

PTR 

G2TR 

KTR 

IS 

G1TR 

9FZ 

PT 

G1P 

KP,IS 

G3P 

H 

H 

PP 

G2P 

KT 

GT 

9G 

K,G3 

G1 

K,G3 

H 

H 

G2 

P 

K,G3 

G2 

9GA 

GT 

1C 

K 

H 

H 

TA 

RCJ 

1C 

PT 

9GC 

G1TR 

KTR 

G2TR 

H 

H 

PTR 

KD1 

KD2 

PD2 

PD1 

9GE 

PT 

G1TR 

G2TR 

H 

H 

PTR 

KTR 

IS 

KT 

GT 

9GF 

GT 

PT 

K 

H 

H 

PP 

G2P 

G3P,K 

G1P 
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Termi 

nal 

Dia¬ 

gram 

1 

2 

3 

4 

PIN 

5 

NUMBER 

E 7 S 

9 

9GK 

K 

G1 

G3,IS 

H 

H 

NC 

P 

G2 

G3JS 

9GM 

KT,IS 

G3P 

PP 

G2P 

H 

H 

KP 

G1P 

GT 

PT 

9GR 

G2 

K,G3 

G1 

H 

H 

G1 

K,G3 

1C 

P 

9GS 

PT 

G2TR 

G1TR 

H 

H 

PTR 

KTR 

GT 

KT 

9H 

PT2 

GT2 

KT2 

H 

H 

KT1 

GT1 

HM 

PT1 

9HE 

G2P 

G1P 

K f IS 

H 

H 

PP 

PD1 

PD2 

G3P 

9HF 

PT2 

GT2 

GT2 

H 

H 

PT1 

GT1 

KT1 

KT2 

9HG 

G1P 

KD 

PD 

H 

H 

PP 

GP3 

IS 

G2P 

KP 

9HK 

PD2 

KD1 

KD2 

PD1 

H 

H 

G1P 

KPJS 

G3P 

G2P 

PP 

9HL 

G1P2 

K,G3 

G1P1 

HP2 

HP1 

PP2 

G2 

PP1 

HM 

9HN 

G2 

NC 

G1 

H 

H 

G1 

K,G3 

1C 

P 

9HP 

1C 

P 

1C 

H 

H 

1C 

P 

1C 

K 

9HR 

PD2 

KTR 

G1TR 

H 

H 

PTR 

G2TR 

KD1 

KD2 

IS 

PD1 

9HV 

G1TR 

K 

G2TR 

H 

H 

PTR 

1C 

1C 

PD 

9HX 

GT 

PT 

KT 

H 

H 

PP 

KPJS 

G3P 

G1P 

G2P 

9HZ 

G1TR 

K 

G2TR 

H 

H 

PD2 

PTR 

KTR 

PD1 

9J0 

G1TR 

KTR 

G2TR 

H 

H 

PTR 

KTJS 

PT 

GT 

9JE 

GT 

KPJS 

G3P 

G1P 

H 

H 

PP 

G2P 

KT 

PT 

9JF 

PP 

GT 

PT 

H 

H 

KT 

G1P 

KPJS 

G3P 

G2P 

9JG 

KJS 

G3P 

GT 

PT 

H 

H 

K,IS 

G3P 

G1P 

G2P 

PP 

9JT 

PT 

PP 

G2P 

H 

H 

KP,IS 

G3P 

G1P 

KT 

GT 

9JU 

PD2 

NC 

G1TR 

H 

H 

PTR 

G2TR 

K 

PD1 

9K 

P 

NC 

G3 

H 

H 

G2 

K 

G1 

G1 


TC 
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Termi¬ 

nal 

Dia¬ 

gram 

1 

2 

3 

4 

PIN 

5 

NUMBER 

6 7 8 

9 

9KA 

KT3 

GT3 

PT3 

H 

KT1 

KT2 

H 

PT2 

GT2 

PT1 

GT1 

9JX 

G1TR 

K 

G2TR 

H 

H 

PTR 

PD2 

1C 

PD1 

9KP 

P1BTR 

GT 

PT 

H,K 

H 

G1TR 

G2TR 

P1ATR 

P2TR 

9XR 

KD2 

PD1 

KD1 

H 

H 

PD2 

KT 

GT 

PT 

9KS 

K f IS 

G2 

G1 

H 

H 

PB 

PA 

DJB 

DJA 

9XT 

2PB 

2G 

2PA 

H 

H 

1PB 

1G 

1PA 

K 

9KU 

GT 

KT 

G1P 

H 

H,G3P 

KP.IS 

G2P 

PP 

PD 

PT 

9KV 

G2 

G4HP 

G1HP 

PHP 

H 

H 

KT 

GT 

G5HP 

KHP 

IS 

PT 

G3HP 

9LG 

PT2 

1C 

GT2 

H 

H 

PT1 

GT1 

KT1 

KT2 

9LK 

K 

G1 

G2 

H 

H 

P 

G3 

G2 

K 

9LP 

PT2 

GT2 

KT2 

H 

H 

PT1 

GT1 

KT 

NC 

9LQ 

G3P 

G1P 

K 

H 

H 

G2P 

PP 

PD 

IS 

9LS 

H 

H 

NC 

KT2 

GT2 

PT2 

PT! 

GT1 

KT1 

9LT 

KD1 

KD2 

ISD 

PD2 

PD1 

H 

H 

KP 

G3P 

ISP 

G1P 

G2P 

PP 

9LW 

K 

IS 

G2 

PP2 

H 

H 

G3P2 

G1 

PP1 

G3P1 

9LY 

PT 

GT 

KT 

H 

H 

PP 

G2 

KP 

G3P 

G1P 

9LZ 

GT 

KT 

G2P 

H 

H 

PP 

KP,IS 

G3P 

G1P 

PT 

9M 

PD1 

NC 

K 

H 

H 

NC 

PD2 

NC 

NC 

9MB 

GT3 

PT3 

GT2 

H.GTl 

KT3 

H 

PT1 

KT1 

KT2 

PT2 

9MP 

KP 

G1P 

KT, IS 

H 

H 

GT 

PT 

PP 

G2P 

9MQ 

G2 

1C 

1C 

H 

H 

G1 

K,G3 

1C 

P 

9MR 

PBTR 

NC 

PD 

H 

H 

K, IS 

G1TR 

G2TR 

PATR 

9NH 

G1 

G1 

G3,K 

H 

H 

G2 

G2 

G3,K 

1C 
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PIN NUMBER 


Dia¬ 

gram 

1 

2 

3 

4 

5 

6 

7 

8 

9 

9NJ 

G1P1 

G2P1 

PP1 

H 

H 

G1P2 

K,IS 

G3 

PP2 

G2P2 

9NX 

K 

G1 

K 

H 

H 

G2 

P 

G3, 

IS 

G2 

9NW 

K 

G1 

G3 

H 

H 

G2 

P 

G2 

G3 

9NY 

G 

K 

G 

H 

H 

G 

G 

P 

G 

9NZ 

G2 

G1 

K,G3 

H 

H 

Gl 

G2 

1C 

P 

9PA 

K, IS 
G3P 

G1P 

G2P 

H 

H 

PP 

K, IS 
G3P 

GT 

PT 

9PB 

F- 

G1 

G2 

LC 

LC 

P 

G3 

G2 

F+ 

9PG 

H 

H 

1C 

KT2 

GT2 

PT2 

PT1 

GT1 

KT1 

9PL 

P 

K,G3 

G2 

H 

H 

K,G3 

Gl 

G2 

K,G3 

9PM 

K 

G1 

K 

H 

H 

NC 

P 

G2 

G3JS 

9PQ 

PDT 

PD3 

KD4 

KD3 

H 

H 

IS 

PD2 

PD1 

KD2 

KD1 

8PV 

PT 

GT 

K, IS 

H 

H 

G1P 

G3P 

G2P 

PP 

9PX 

G2 

NC 

1C 

H 

H 

Gl 

K,G3 

1C 

P 

9PZ 

P 

G3 

G2 

H 

H 

G3 

K 

Gl 

K 

9QA 

K, IS 
G3P 

G1P 

K,IS 

G3P 

H 

H 

PP 

G2P 

PT 

GT 

9QD 

KT1 

GT2 

KT2 

H 

H 

PT2 

NC 

PT1 

GT1 

99G 

P1BTR 

P1ATR 

PD 

H 

H 

K f IS 

G1TR 

G2TR 

P2TR 

9QJ 

FB 

FA 

FA 

LC 

PD2 

PD2 

LC 

PD1 

PD1 

9QK 

G2 

Gi 

K,G3 

H 

H 

Gl 

G2 

1C 

1C 

9QL 

G2 

G1 

K 

H 

H 

Gl 

G2 

G3 

1C 

99M 

KD3 

PD3 

1C 

H 

H 

PD2 

KD2 

PD1 

KD1 

9QP 

KT 

GT 

PT 

H 

H, IS 
G3P 

KP 

G1P 

G2P 

PP 

9QT 

KT 

GIB 

KB 

G3B 

H 

H 

PB 

G2B 

PT 

GT 

9QU 

G2 

Gl 

K 

H 

II 

G3 

G2 

1C 

P 

9QY 

pr 

GT 

KT,IS 

G3P 

H 

H 

G1P 

KP 

GP2 

PP 

9QZ 

PP2 

G3P2 

K 

H 

II 

PP1 

G3P1 

G2 

Gl 

9RA 

P 

1C 

G2 

H 

H 

G3,PD 

Gl 

Gl 

K 

9RF 

K 

Gl 

NC 

H 

H 

G3 

P 

NC 

G2 
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PIN NUMBER 


Dia- 1 
gram 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TC 

9RG F,IS 

1C 

1C 

1C 

F 

1C 

NC 

1C 

1C 




P 

9R1 G1 

G3 

G2 

H 

H 

G2 

G3 

G1 

K 




P 

9RL KPJS 
G3P 

G2P 

PP 

H 

H 

PD2 

KD 

PD1 

G1P 





9RQ PT3 

PT2 

PT1 

H 

H 

GT1 

K 

GT2 

GT3 





9RT H,K 

IS 

H 

1C 

H,K 

IS 

H 

H,K 

IS 

1C 

H 

H,K 

IS 




P 

9RU DJ2 

DJI 

G3 

HB 

HA,IS 

G1 

K,G2 

P2 

PI 





9RX 1C 

P 

1C 

H 

H 

P 

1C 

1C 

K 





9SB G1 

K,G3 

K,G3 

H 

H 

G2 

G1 

1C 

P 





9SG HI 

P 

1C 

H 

H 

1C 

P 

1C 

NC 




K 

9U P 

1C 

1C 

F 

F 

1C 

1C 

1C 

P 





9V P 

NC 

H 

G 

G 

K 

G 

G 

H 





9X G1 

NC 

H 

K,IS 

G3 

NC 

P 

NC 

G2 

H 





9Y F,IS 

F 

LC 

F,IS 

F 

F,IS 

LC 

F 

F, IS 




P 

10F G1TR2 

G2TR2 

PTR2 

H 

H 

KTR1 

G1TR1 

PTR1 

KTR2 

KD1 

IS 




10G PT3 

GP3 

KT3 

H 

H 

PT2 

GT1 

PT1 

GT2 

KT1 

KT2 




10H G1P 

G2P 

PP 

H 

H 

GP3 

IS 

KT 

GT 

PT 

KP 




10K KT 

KP 

G1P 

G3P 

IS 

H 

H 

PP 

G2P 

PT 

GT 




10L G1P2 

KP2 

G3P2 

G2P2 

PP2 

H 

H 

KP1 

G3P1 

IS 

G1P1 

G2P1 

PP1 




12AQ 

P 


G 




K 


H 


H 


12AS 

G2 


G1 




K 


H 


H 

P 

12BF H 

KT2 

GT2 

PT2 

GT1 

PT1 

KT1 

PD2 

KD1 

KD2 

PD1 

IS 

H 


12BJ H 

G2 

G1 

K,G3 

1C 

1C 

P 

1C 

1C 

K 

G1 

H 


12BL H 

NC 

NC 

P 

NC 

NC 

K 

NC 

NC 

P 

NC 

H 
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PIN NUMBER 


Dia- < 
gram 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ii 

12 

TC 

12BMH 

NC 

GT2 

NC 

PT2 

1C 

KT2 

NC 

KT1 

GT1 

PT1 

H 


12BQ H 

PT3 

KT3 

KT1 

PT2 

KT2 

GT2 

1C 

GT1 

PT1 

GT3 

H 


12BT H 

G2P 

K,G3P 

PB 

G3B 

G2B 

GIB 

KB,IS 

PP 

NC 

G1P 

H 


12BU H 

KP 

G1P 

G3P 

IS 

PP 

G2P 

GIB 

KB 

G3B 

G2B 

PB 

H 


12BWH 

G2P2 

PP2 

G3P2 

IS 

G1P2 

KP2 

G2P1 

KP1 

PP1 

G3P1 

IS 

G1P1 H 


12BY H 

PT3 

KT3 

KT1 

PT2 

KT2 

GT2 

IS 

GT1 

PT1 

KT3 

H 


12CA H 

G1P 

G2P 

KT2 

GT2 

PT2 

PT1 

GT1 

KT1 

KP,IS 

G3P 

PP 

H 


12CT 

K 


K 




K 


H 

SHEL H 

G 

P 

120A H 

KD2 

PD2 

KT2 

GT2 

PT2 

PT1 

GT1 

KT1 

PD1 

KD1 

H 


12DG H,K 

IS 

1C 

1C 

LC 

LC 

1C 

1C 

1C 

1C 

LC 

1C 

H 

P 

12DMH 

PP2 

G2P2 

G3P2 

G1P2 

KP2 

G3P1 

IS 

PP1 

G2P1 

G1P1 

KP1 

H 


12DP H 

PP 

GT2 

PT2 

KT1 

GT1 

KT2 

IS 

PT1 

KP, IS 
G3P 

G2P 

G1P 

H 


12DQ F,IS 

1C 

1C 

LC 

1C 

1C 

1C 

1C 

1C 

LC 

1C 

F 

P 

120R H 

NC 

G2 

K,G3 

G1 

NC 

G2 

NC 

G1 

K,G3 

G2 

H 

P 

12DZ H 

PT 

NC 

PB 

NC 

GIB 

GIB 

G2B 

KB 

G3B 

GT 

KT 

H 


12EA P 

P 


G 


G 

K 



H 


H 


12EJ H 

NC 

GT2 

NC 

PT2 

1C 

KT2 

GT2 

KT1 

GT1 

PT1 

H 


12E0 H 

NC 

GT2 

NC 

PT2 

NC 

KT2 

1C 

KT1 

GT1 

PT1 

H 


12ER H 

PP2 

G2P 

IS 

G1P 

G3P2 

PP1 

G3P1 

K 

IS 

GT 

KT 

PT 

H 


12ES H 

NC 

G1 

K,G3 

G2 

1C 

P 

1C 

G2 

K,G3 

G1 

H 


12EW H,K 

IS 

H,K 

IS 

1C 

LC 

1C 

H,K 

IS 

LC 

1C 

H,K 

IS 

LC 

1C 

H 

P 

12EY H 

G1 

G2 

K,G3 

NC 

P 

NC 

NC 

G1 

G2 

K,G3 

H 


12EZ H 

KP 

G1P 

NC 

G3P 

G2P 

PP 

GIB 

G3B 

G2B 

PB 

H 



IS KB 
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Termi¬ 

nal 

Dia- 1 
gram 1 

2 

3 

4 

PIN NUMBER 

5 6 7 8 

9 

10 

11 

12 

TC 

12FA H 

1C 

1C 

1C 

K, IS 

G 

NC 

1C 

1C 

1C 

1C 

H 

P 

12FB H 

NC 

G2 

K,G3 

G1 

G2 

NC 

G2 

G1 

K,G3 

G2 

H 

P 

12FC H 

PD 

NC 

KD 

PP 

NC 

1C 

KP 

G3P 

G1P 

G2P 

G1P 

H 


12FE H 

PT3 

KT3 

KT1 

PT2 

KT2 

GT2 

NC 

GT1 

PT1 

GT3 

H 


12FJ H 

K 

G2 

G3 

G1 

NC 

NC 

1C 

NC 

G3 

NC 

H 

P 

12FK H 

K 

G2 

G3 

NC 

NC 

P 

NC 

NC 

G3 

G1 

H 


12FL H 

K 

G1 

G3 

G2 

1C 

P 

1C 

G2 

G3 

G1 

H 


12FM H 

PT 

NC 

GT 

KT 

IS 

NC 

G1P 

KP 

G3P 

G2P 

PP 

H 


12FN H 

PD 

NC 

KD 

PB 

NC 

1C 

KB 

G3B 

GIB 

GIB 

G2B 

H 


12FP H 

KT2 

PT2 

GT2 

KT1 

IS 

GT1 

PT1 

G1P 

G2P 

PP 

KP, IS H 
G3P 


12FQ H 

PT2 

KT2 

KT1 

1C 

NC 

NC 

IS 

GT1 

PT1 

GT2 

H 


12FR H 

PT2 

KT2 

KT1 

NC 

NC 

PT1 

NC 

GT1 

PT1 

GT2 

H 


12FS H 

PD 

NC 

KD 

PP 

NC 

1C 

KP 

G3P 

G1P 

1C 

G2P 

H 


12FU H 

PP2 

G2P2 

G3P2 

KP2 

G1P2 

PP1 

G3P1 

IS 

G2P1 

KP1 

G1P1 H 


12FV H f K 

IS 

H,K 

IS 

1C 

NC 

H,K 

IS 

H,K 

IS 

NC 

H 

K 

NC 

1C 

H 

P 

12FX H 

NC 

NC 

P 

1C 

1C 

K 

1C 

1C 

P 

NC 

H 


12FY H 

K 

G2 

G3 

G1 

NC 

1C 

NC 

1C 

G3 

G2 

H 

P 

12GAH 

NC 

NC 

P 

1C 

NC 

K 

NC 

1C 

P 

NC 

H 


12GCH 

PP 

GT2 

KT2 

GT1 

KT1 

PT1 

KP JS 
G3P 

PT2 

G2P 

G1P 

H 


12GD H 

K 

G2 

G3 

G1 

NC 

NC 

NC 

1C 

G3 

1C 

H 

P 

12GF H 

KP2 

G1P2 

G2P2 

PP2 

G3P2 

IS 

G1P1 

KP1 

G2P1 

G3P1 

IS 

PP1 

H 


12GHH 

NC 

G2 

G3 

G1 

NC 

1C 

NC 

1C 

K 

1C 

H 

P 

12GJ H 

K 

G2 

G3 

G1 

NC 

1C 

NC 

1C 

G3 

1C 

H 

P 

12GK H 

1C 

1C 

P 

1C 

1C 

K 

1C 

1C 

P 

1C 

H 
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PIN NUM3ER 


Dia- 1 
gram 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ii 

12 

TC 

12GL H 

G1P 

G2P 

KP, IS 
G3P 

KT2 

IS 

PT2 

KT1 

GT2 

PT1 

GT1 

PP 

H 


12GS H 

PP 

GT2 

KT2 

GT1 

KT1 

G3P 

IS 

PT1 

KP 

PT2 

G2P 

G1P 

H 


12GU H 

NC 

G2 

G3 

G1 

NC 

1C 

NC 

1C 

K 

1C 

H 

P 

12GV H 

1C 

1C 

NC 

1C 

H 

1C 

1C 

1C 

NC 

1C 

H 

P 

12GWH 

K 

G2 

G3 

G1 

NC 

1C 

NC 

G1 

G3 

G2 

H 

P 

12GY H 

G 

BP 

K 

1C 

1C 

p 

1C 

1C 

BP 

G 

H 


12GZ H 

PT2 

GT2 

NC 

PP 

1C 

K,G3P 

G1P 

G2P 

GT1 

PT1 

H 


12HA H,K 

IS 

H,K 

IS 

1C 

NC 

H,K 

IS 

H,K 

IS 

NC 

1C 

H,K 

IS 

NC 

1C 

H 

P 

12HB H 

G3P2 

PP2 

G2P2 

KP2 

G1P2 

G1P1 

KP1 

G2P1 

PP1 

G3P1 

H 


12HCH 

1C 

1C 

1C 

K 

G 

1C 

1C 

IS 

1C 

1C 

H 

P 

12HD H 

KP2 

G1P2 

G2P2 

PP2 

G3P2 

IS 

G3P1 

IS 

PP1 

G2P1 

KP1 

G1P1 H 


12HE H 

PP 

NC 

G3P 

GT 

KT 

PT 

IS 

KP 

G2P 

GlP 

H 


12HF H 

1C 

NC 

P 

1C 

1C 

K 

1C 

1C 

P 

NC 

H 


12HGH 

PT3 

K 

PT2 

NC 

PT1 

NC 

GT1 

NC 

GT2 

GT3 

H 


12HJ H 

GT 

PT 

KT 

G1P 

G1P 

KP 

G2P 

G3P 

IS 

NC 

PP 

H 


12HK F,IS 

F, IS 

1C 

NC 

F,IS 

F, IS 

NC 

F 

F,IS 

NC 

1C 

F 

P 

12HL H 

1C 

1C 

K,G3 

G1 

NC 

1C 

NC 

1C 

K,G3 

G2 

H 

P 

12HN H 

PT2 

GT2 

PT1 

KT1 

GT1 

KT2 

G3P 

G1P 

KP 

G2P 

PP 

H 


12HR H 

PT2 

GT2 

PP 

G2P 

1C 

KT2 

KP 

G3P 

G1P 

PT1 

KT1 

GT1 

H 


12HT H 

PD 

NC 

KD 

PP 

NC 

1C 

KP 

G3P 

G1P 

NC 

G2P 

H 


12HU H 

PT3 

K 

PT2 

NC 

PT1 

1C 

GT1 

1C 

GT2 

GT3 

H 


12HWH 

PT2 

PP 

G2P 

G1P 

G1P 

KP 

KT2 

KT1 

GT1 

PT1 

GT2 

H 


12HX H 

1C 

NC 

P 

1C 

1C 

1C 

1C 

1C 

P 

NC 

H 

K 
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Termi¬ 

nal 

Dia- 1 
gram ' 

2 

3 

4 

PIN NUMBER 

5 6 7 8 

9 

10 

ii 

12 

TC 

12HY H,K 

H,K 

1C 

NC 

H,K 

1C 

1C 

H 

H,K 

NC 

1C 

H 

P 

IS 

IS 



IS 




IS 





12JA H 

K 

G2 

G3 

G1 

NC 

H 

NC 

G2 

G3 

G2 

H 

P 

12JB H,K 

H,K 

1C 

NC 

H,K 

1C 

H,K 

H 

H,K 

NC 

NC 

H 

P 

IS 

IS 



IS 


IS 


IS 





12JF H 

K 

G2 

G3 

G1 

NC 

NC 

NC 

1C 

G3 

G2 

H 

P 

17- G1 

G1 

G3 

H 

H 

G2 

G2 

G3 

K 




P 

BH25 













407A HT2 

KT2 

GT2 

PT2 

HM,IS 

PT1 

GT1 

KT1 

HT1 





991* K 

P 












991* P 

K 

OR 











F 

F 











P 

5672 P 

G2 

F+ 

G1 

F-G3 









5678 P 

G2 

F—IS 

; G1 

F+ 











G3 


G3 









5734 



H 

G 

H 

K,IS 

SHELL P 





5783*K 


P 


K 









6360 G1TR1 K 

G1TR2 HTR1 

HT,R2 

PTR1 G2TR1 PTR2 

: HM 






IS 





G2TR2 






6977 F 

P 

G 

F 










8808 K 

K 


K 


K 

SHELL G 


H 


H 

P 

8950 H 

K 

G2 

G3 

G1 

K 

1C 

NC 

G1 

G3 

G2 

H 

P 



METAL TYPES 


Outlines 

.400 

—*j MAX. p — 


—►) 1^ MAX.k- 

CERAMIC ( Iff 

TWELVAR aoK 

—*1 |=L MAX. U— 

1 J HI MINIATURE 




~lMAX.r~ 


gr 'SMALL- 

kll MAX.-J WAFER 



-CERAMIC 

CYLINDER 


Y X 

2A 2-5/8 2-1/16 
2B 3-1/4 2-11/16 


| MAX.-J 


CERAMIC - T 
TWELVAR ' MAXTi | 
BASE 

-IA- 

X Y Z 

1A1 1.050 0.840 .255 
1A2 0.985 0.780 .255 
1A3 0.985 0.780 .317 



GLASS TYPES 


l SMALL-BUTTON 
MINIATURE 7-PIN 



X 

Y 

Z 


5A 

1-5/8 

1-3/8 

1 ± 

3/32 

5B 

1-3/4 

1-1/2 

1-1/8 ± 

3/32 

5C 

2-1/8 

1-7/8 

1-1/2 ± 

3/32 

50 

2-5/8 

2-3/8 

2 ± 

3/32 

5E 

2-3/8 

2-1/8 

1-3/4 ± 

3/32 


—*41 MAX.k—- 


X T6 2 f ; 
MAX. MA) 


L SMALL-BUTTON 
MINIATURE 9-PIN 



-6 

— 


X 

Y 

6A 

1-3/4 

1-1/2 

6B 

2-3/16 

1-15/16 

6C 

2-13/32 

2-5/32 

60 

2 - 7 / 16 . 

2-13/16 

6E 

2-5/8 

2-3/8 

6F 

2.3/4 

2-1/2 

6G 

3-1/16 

2-13/16 

6H 

3-1/8 

2-7/8 

6J 

2 

1-3/4 

6K 

2-7/16 

2-3/16 

6L 

2-7/8 

2-5/8 

6M 

1-31/32 

1-23/32 

6N 

2-27/32 

2-19/32 


All measurements in inches. 




634 


RCA Receiving Tube Manual 



X Y 


7A 

2-27/32 

2-7/16 ± 

1/8 

7B 

3-1/16 

2-15/32 MAX. 

7C 

3-9/32 

2-7/8 ± 

1/8 

7D 

3-1/2 

3-1/4 MAX. 

7E 

2-17/32 

2-1/8 ± 

1/8 

7F 

2-29/32 

2-5/8 MAX. 

7G 

2-23/32 

2-1/8 ± 

1/8 

7H 

3-3/16 

2-15/16 



x Y 

8A 1.875 1.250-1.500 
8B 2.375 1.750-2.000 
8C 2.625 2.000-2.250 
8D 2.875 2.250-2.500 
8E 3.050 2.770 MAX. 
8F 3.125 2.500-2.750 
8G 3.375 2.750-3.000 



DUODECAR 12-PIN 

-9- 

X Y 

9A 3.375 2.750-3.000 

9B 3.625 3.000-3.250 

9C 4.110 3.766 MAX. 
9D 3.875 3.250-3.500 



- 10 - 


X Y z 

2.630 2.320 1.770-2.010 
2.900 2.620 2.070-2.310 
2.930 2.620 2.070-2.310 
3.230 2.920 2.370-2.610 
4.125 3.750 
3.110 2.730 
3.080 2.770 
3.511 3.169 2.68 




\SMALL-BUTTON 
NOVAR 9-PIN 


-II- 

X Y Z 

11A 3.000 2.620 2.100-2.280 
11B 3.080 2.700 2.050-2.230 
11C 3.110 2.730 2.210-2.390 
1TD 3.410 3.010 2.510-2.690 
11E 2.960 2.580 2.060-2.240 


l| MAX. 



- 12 - 
X Y 

12A 2-9/32 1-3/4 

12B 2-25/32 2-1/4 
12C 3-5/32 2-5/8 


All measurements in inches. 
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-13 

- 



X 

Y 

t 

13A 

2-7/8 

2-5/16 

1-9/32 

13B 

3 

2-7/16 

1-9/32 

13C 

3-1/16 

2.1/2 

1-9/32 

13D 

3-5/16 

2-3/4 

1-5/16 

13E 

3-3/8 

2-13/16 

1-9/32 

13F 

3-7/16 

2-7/8 

1-9/32 

136 

3-13/16 

3-1/4 

1-9/32 

13H 

4-3/16 

3-9/16 

1-3/16 




X 

Y 

Z 

14A 

3-5/16 

2-3/4 

1-5/16 

14B 

3-9/16 

3 

1-9/32 

14C 

3-5/8 

3-1/16 

1-9/32 

14D 

3-7/8 

3-5/16 

1-9/32 

14E 

4-1/16 

3-1/2 

1-9/32 

14F 

3-13/16 

3-1/4 

1-9/32 

14G 

3-13/16 

3-1/4 

1-3/8 

14H 

3-13/16 

3-1/4 

1-1/4 

14J 

3-9/16 

3 

1-1/4 

14K 

4-5/16 

3-3/4 

— 

14L 

4-21/64 

3-3/4 

1-9/32 



—15— 

X Y 

15A 2.875 2.250-2.500 
15B 3.375 3.000 MAX. 
15C 3.625 3.000-3.250 
15D 3.125 2.750 
15E 3.875 3.250-3.500 
15F 4.2o0 3.62o-3.875 



16A 

3.625 

3.000-3.250 

1.563 

16B 

4.125 

3.500-3.750 

1.563 

16C 

4.875 

4.250-4.500 

1.563 

16D 

4.375 

4.000 MIN. 

1.563 

16E 

4.375 

3.750-4.000 

1.563 

16F 

4.95 

4.57 MAX. 

1.563 

16G 

4.625 

4.000-4.250 

1.563 

16H 

4.75 

4.125-4.375 

1.563 



NOVAR 9-PIN 

-17- 

X Y Z 


17A 

3.180 

2.800 

2 . 280 - 2.460 

17B 

3.410 

3.030 

2 . 510 - 2.690 

17C 

4.160 

3.780 

3 . 260 - 3.440 

17D 

3.550 

3.170 


17E 

3.710 

3.330 

2 . 810 - 2.900 



- 18 - 
X Y 


18A 

3.55 

3.04 ± 0.13 

18B 

4.60 

4.09 dr 0.13 

18C 

4.38 

3.75-4.00 

18D 

4.625 

4.25 

18E 

3.63 

3.0—3.25 

18F 

3.85 

3.21—3.47 


All measurements in inches. 
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x 

19A 3 - 9/16 
19B 3 - 7/8 

19C 4 

190 4 - 1/4 

19E 4 - 5/8 

19F 4 - 5/8 

19G 4 - 3/4 

19H 5 - 3/16 
19J 4 - 1/2 


Y Z 

3 1 - 9/32 
3 . 5/16 1 - 13/32 

3 - 7/16 1 - 13/32 

3 - 11/16 1 - 3/8 

4 - 1/16 1 - 3/8 

4 - 1/16 1 - 5/8 

4 - 3/16 1 - 11/16 

4 - 5/8 1 - 3/8 

3 - 7/8 — 






All measurements in inches. 
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X Y 

27A 5-1/8 4-3/8 ±3/16 

27B 5-3/8 4-9/16 ±3/16 




MAX. 

MAX. 


LENGTH 

DIAMETER 

29A 

1-3/4 

0.4 

29B 

1-3/4 

1-5/16 

29C 

2-5/16 

1-5/16 

29D 

2-5/8 

1-1/16 

29E 

2-7/8 

1-5/16 

29F 

3 

1-5/16 

29G 

3-7/16 

1-15/16 

29H 

4 

1-3/16 

29J 

4-7/8 

1-9/16 

29K 

5-1/32 

1-13/16 

29L 

6-1/4 

2-7/16 

29M 

3-15/32 

1-7/16 

29N 

5.31 

1.813 

29P 

3.937 

1.530 

29a 

4.062 

1.530 


-29- 


- 28 - 
X Y 

28A 5-1/8 4-7/16 ± 5/32 

28B 5-11/16 4-31/32 ±5/32 



30A 2.380 .2.000 
30B 3.005 2.625 
30C 3.080 2.700 
30D 3.110 2.730 
30E 2.125 1.750 


All measurements in inches. 
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-31- 

X Y 

31A 2.880 2.500 
31B 3.130 2.750 
31C 3.880 3.500 
31D 3.380 3.000 



NOVAR 9-PIN 

-32- 

X Y 

32A 3.505 2.875-3.125 
32B 4.130 3.500-3.750 
32C 4.380 3.750-4.000 
32D 4.60 4.09-4.22 



All measurements in inches. 
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35C 4.54 4.18 



- 39 - 


X y X Y Z X Y 

38A 4-29/32 4-9/16 39A 3.625 3.0-3.250 1.563 40A 4.133 3.760 

39B 4.375 4.0 MAX. 1.563 40B 3.850 3.470 

40B (Novar Base) 


All measurements in inches. 
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1— Glass Envelope 

2— Internal Shield 

3— Plate 

4— Grid No. 3 (Suppressor) 

5— Grid No. 2 (Screen) 

6— Grid No. 1 (Control Grid) 

7— Cathode 

8— -Heater 

9— Exhaust Tip 

10—Getter 

11 —Spacer Shield Header 

12— Insulating Spacer 

13— Spacer Shield 

14— Inter-Pin Shield 

15— Glass Button-Stem Seal 

16— Lead Wire 

17— Base Pin 

18— Glass-to-Meta! Seal 


Structure of a Miniature Tube 


HI504 
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Resistance-Coupled 

Amplifiers 


R esistance-coupled, audio¬ 
frequency voltage amplifiers utilize 
simple components and are capable of 
providing essentially uniform amplifica¬ 
tion over a relatively wide frequency 
range. 

Suitable Tubes 

In this section, data are given for 
48 types of tubes suitable for use 
in resistance-coupled circuits. These 
types include low- and high-mu triodes, 
twin triodes, triode-connected pentodes, 
and pentodes. The accompanying key 
to tube types will assist in locating the 
appropriate data chart. 

Circuit Advantages 

For most of the types shown, the 
data pertain to operation with cathode 
bias; for all of the pentodes, the data 
pertain to operation with series screen- 
grid resistor. The use of a cathode-bias 
resistor where feasible and a series 
screen-grid resistor where applicable 
offers several advantages over fixed- 
voltage operation. 

The advantages are: (1) effects of 
possible tube differences are minimized; 
(2) operation over a wide range of plate- 
supply voltages without appreciable 
change in gain is feasible; (3) the low 
frequency at which the amplifier cuts 
off is easily changed; and (4) tendency 
toward motorboating is minimized. 

Number of Stages 

These advantages can be enhanced 
by the addition of suitable decoupling 
filters in the plate supply of each stage 
of a multi-stage amplifier. With proper 
filters, three or more amplifier stages 
can be operated from a single power- 
supply unit of conventional design with- 


1 

Type Chart No. 

Type Chart No. 

3AU6 

2 

6FQ7/ 


3AV6 

9 

6CG7 

8 

3BC5/ 


6SL7GT 

5 

3CE5 

11 

6SN7GTB 

8 

3CB6/ 


6T8A 

5 

3CF6 

11 

7AU7 

3 

4AU6 

2 

8CN7 

5 

4AV6 

9 

8FQ7/ 


4BQ7A/ 


8CG7 

8 

4BZ7 

10 

9AU7 

3 

4CB6 

11 

12AT6 

5 

5BK7A 

10 

12AT7/ 

ECC81 

4 

5BQ7A 

10 

12AU6 

2 

5T8 

5 

12AU7A/ 


6AB4 

4 

ECC82 

3 

6AG5 

11 

12AV6 

9 

6AT6 

5 

12AX7A/ 


6AU6A 

2 

ECC83 

9 

6AV6 

9 

12AY7 

1 

6BC5/ 


12FQ7 

8 

6CE5 

11 

12SL7GT 

5 

6BK7B 

10 

12SN7GTA 

8 

6BQ7A/ 


19T8 

5 

6BZ7/ 

6BS8 

10 

20EZ7 

9 

6C4 

3 

5879P 

6 

6CB6A/ 


5879T 

7 

6CF6 

11 

7025 

9 

6CN7 

5 

7199P 

12 

6EU7 

9 

7199T 

13 

T = Triode Unit 

or Triode Connection 


P = Pentode Unit or Pentode Connection 


KEY TO CHARTS 
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out encountering any difficulties due to 
coupling through the power unit. When 
decoupling filters are not used, not 
more than two stages should be op¬ 
erated from a single power-supply unit. 

Symbols Used in Resistance- 
Coupled Amplifier Charts 

C = Blocking Capacitor (^F). 

Ck = Cathode Bypass Capacitor 

(mF). 

C g a = Screen-Grid Bypass Capacitor 

W). 

Ebb = Plate-Supply Voltage (volts). 

Voltage at plate equals plate- 
supply voltage minus drop in R p 
and Rk. 

R k = Cathode Resistor (ohms). 

R e2 = Screen-Grid Resistor 
(megohms). 

R e = Grid Resistor (megohms) for 
following stage. 

R p = Plate Resistor (megohms). 
V.G.= Voltage Gain. 

E 0 = Output Voltage (peak volts). 
This voltage is obtained across 
R~ (for following stage) at any 
frequency within the flat region 
of the output vs. frequency 
curve, and is for the condition 
where the signal level is ade¬ 
quate to swing the grid of 
the resistance-coupled amplifier 
tube to the point where its girid 
starts to draw current. 

1 

Note: The listed values for E<» are the peak 
output voltages available when the grid is 
driven from a low-impedance source. The 
listed values for the cathode resistors are op¬ 
timum for any signal source. With a high- 
impedance source, protection against severe 
distortion and loss of gain due to input load¬ 
ing may be obtained by the use of a coupling 
capacitor connected directly to the input grid 
and a high-value resistor connected between 
the grid and ground. 

General Circuit Considerations 

In the discussions which follow, 
the frequency (f 2 ) is that value at which 
the high-frequency response begins to 
fall off. The frequency (fi) is that value 
at which the low-frequency response 
drops below a satisfactory value, as 
discussed below. A variation of 10 per 
cent in values of resistors and capaci¬ 
tors has only slight effect on perform¬ 


ance. One-half-watt resistors are usually 
suitable for R s2 , R~, R,„ and R k resistors. 
Capacitors C and C k2 should have a 
working voltage equal to or greater 
than Ebb. Capacitor C k may have a low 
working voltage in the order of 10 to 
25 volts. 



FREQUENCY-► 

Triode Amplifier 

Heater-Cathode Type 

Capacitors C and C k have been 
chosen to give an output voltage equal 
to 0.8 E<, for a frequency (fi) of 100 
Hz. For any other value of fi, multi¬ 
ply values of C and C k by 100/fi. In 



the case of capacitor C k , the values 
shown in the charts are for an amplifier 
with dc heater excitation; when ac is 
used, depending on the character of the 
associated circuit, the gain, and the 
value of fj, it may be necessary to in¬ 
crease the value of C k to minimize 
hum disturbances. It may be desirable 
to operate the heater at a positive volt¬ 
age of from 15 to 40 volts with respect 
to the cathode. The voltage output at 
f, of “n” like stages equals (0.8)' 1 X E<„ 
where E 0 is the peak output voltage of 
final stage. For an amplifier of typical 
construction, the value of f 2 is well 
above the audio-frequency range for any 
value of R p . 
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Pentode Amplifier 

Heater-Cathode Type 
Capacitors C, Ck, and C g2 have 
been chosen to give an output voltage 
equal to 0.7 X E 0 for a frequency (fi) 
of 100 cycles. For any other value of 
fi, multiply values of C, C k , and C g2 
by 100/fi. In the case of capacitor C k , 
the values shown in the charts are for 



an amplifier with dc heater excitation; 
when ac is used, depending on the 
character of the associated circuits, the 
voltage gain, and the value of f», it 
may be necessary to increase the value 
of C k to minimize hum disturbances. 
It may be desirable to operate the 
heater at a positive voltage of from 
15 to 40 volts with respect to the 
cathode. The voltage output at t\ for 
“n” like stages equals (0.7) n x E« where 
E 0 is peak output voltage of final stage. 
For an amplifier of typical construc¬ 
tion, and for R„ values of 0.1, 0.25, 
and 0.5 megohm, approximate values 
of f 2 are 20000, 10000, and 5000 Hz, 
respectively. 


Ebb 

K 

R e 

Rg2 

Rk 

Cg2 

C> 

c 

E„* 

V.G. 


0.1 

0.24 

_ 

1800 

_ 

_ 

_ 

13 

24 

90 

0.24 

0.51 

— 

3700 

— 

— 

— 

14 

26 


0.51 

1.0 

— 

7800 

— 


— 

16 

27 


0.1 

0.24 

_ 

1300 

_ 

_ 

, 

31 

27 

180 

0.24 

0.51 

— 

2800 

— 

— 

— 

33 

29 


0.51 

1.0 

— 

5700 

— 

— 

— 

33 

30 


0.1 

0.24 

_ 

1200 

_ 

_ 

_ 

58 

28 

300 

0.24 

0.51 

— 

2300 

— 

_ 

— 

30 

30 


0.51 

1.0 

— 

4800 

— 


— 

56 

31 



12AY7* 


Diagram 1 


• One Iriotle unit. * Peak volts. 

A Coupling capacitors should be selected to give desired frequency response. Cathode resistors 
should be adequately bypassed. 





• One triode unit. 


* Peak volts. 
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Ebb 

Rp 

Re 

R g a 

Rk 

Cg 2 

Ce 

C 

Eo * 

V . G . 


0.1 

0.1 

_ 

2680 

_ 

2.4 

0.026 

8 

24 


0.1 

0.22 

_ 

3060 

— 

2.00 

0.014 

11 

25 


0.1 

0.47 

_ 

3390 

_ 

1.84 

0.0074 

13 

28 


0.22 

0.22 

— 

5500 

— 

1.33 

0.0136 

10 

25 

90 

0.22 

0.47 

— 

6300 

— 

1.01 

0.0067 

14 

28 


0.22 

1.0 

— 

6930 

_ 

0.92 

0.0038 

15 

28 


0.47 

0.47 

— 

10900 

— 

0.63 

0.007 

13 

26 


0.47 

1.0 

— 

12500 

— 

0.52 

0.0043 

14 

28 


0.47 

2.2 

— 

13500 

— 

0.47 

0.0031 

18 

28 


0.1 

0.1 

_ 

1407 

_ 

3.6 

0.029 

20 

31 


0.1 

0.22 

— 

1674 

— 

3.0 

0.016 

28 

33 


0.1 

0.47 

— 

1786 

— 

2.6 

0.0083 

31 

34 


0.22 

0.22 

— 

2890 

_ 

1.75 

0.0140 

24 

33 

180 

0.22 

0.47 

— 

3860 

— 

1.34 

0.0077 

35 

33 


0.22 

1.0 

— 

4660 

— 

1.14 

0.0047 

42 

33 


0.47 

0.47 

_ 

6960 

— 

0.83 

0.0075 

31 

31 


0.47 

1.0 

— 

8450 

— 

0.67 

0.0046 

39 

32 


0.47 

2.2 

— 

9600 

— 

0.55 

0.0032 

45 

32 


0.1 

0.1 

_ 

974 

_ 

4.0 

0.028 

37 

34 


0.1 

0.22 

_ 

1404 

_ 

3.1 

0.015 

57 

34 


0.1 

0.47 

— 

2169 

_ 

2.5 

0.0083 

78 

33 


0.22 

0.22 

— 

2510 

— 

1.9 

0.015 

50 

33 

300 

0.22 

0.47 

— 

4200 

— 

1.3 

0.0074 

78 

33 


0.22 

1.0 

_ 

4950 

— 

1.1 

0.0046 

85 

32 


0.47 

0.47 

— 

5700 

— 

0.90 

0.0076 

57 

33 


0.47 

1.0 

— 

8720 

_ 

0.62 

0.0041 

81 

32 


0.47 

2.2 

— 

9700 

— 

0.57 

0.0030 

88 

32 



0.1 

0.1 


4200 

_ 

2.5 

0.025 

5.4 

22 


0.1 

0.22 

_ 

4600 

_ 

2.2 

0.014 

7.5 

27 


0.1 

0.47 

— 

4800 

— 

2.0 

0.0065 

9.1 

30 


0.22 

0.22 

— 

7000 

— 

1.5 

0.013 

7.3 

30 

90 

0.22 

0.47 

— 

7800 

— 

1.3 

0.007 

10 

34 


0.22 

1.0 

— 

8100 

_ 

1.1 

0.0035 

12 

37 


0.47 

0.47 

— 

12000 

— 

0.83 

0.006 

10 

! 36 


0.47 

1.0 

— 

14000 

_ 

0.7 

0.0035 

14 

39 


0.47 

2.2 

— 

15000 

— 

0.6 

0.002 

16 

! 41 


0.1 

0.1 

_ 

1900 

_ 

3.6 

0.027 

19 

30 


0.1 

0.22 

— 

2200 

— 

3.1 

0.014 

25 

35 


0.1 

0.47 

— 

2500 

_ 

2.8 

0.0065 

32 

37 


0.22 

0.22 

_ 

3400 

_ 

2.2 

0.014 

24 

38 

180 

0.22 

0.47 

_ 

4100 

_ 

1.7 

0,0065 

34 

42 


0.22 

1.0 

— 

4600 

— 

1.5 

0.0035 

38 

44 


0.47 

0.47 

— 

6600 

_ 

1.1 

0.0065 

29 

44 


0.47 

1.0 

_ 

8100 

_ 

0.9 

0.0035 

38 

46 


0.47 

2.2 

— 

9100 

— 

0.8 

0.002 

43 

47 


0.1 

0.1 

_ 

1500 

_ 

4.4 

0.027 

40 

34 


0.1 

0.22 

_ 

1800 

_ 

3.6 

0.014 

54 

38 


0.1 

0.47 

— 

2100 

_ 

3.0 

0.0065 

63 

41 


0.22 

0.22 

_ 

2600 

_ 

2.5 

0.013 

51 

42 

300 

0.22 

0.47 

— 

3200 

_ 

1.9 

0.0065 

65 

46 


0.22 

0.1 

— 

3700 

_ 

1.6 

0.0035 

77 

48 


0.47 

0.47 

_ 

5200 

_ 

1.2 

0.006 

61 

48 


0.47 

1.0 

— 

6300 

— 

1.0 

0.0035 

74 

50 


0.47 

2.2 

— 

7200 

— 

0.9 

0.002 

85 

51 


• One triode unit. * Peak volts. 



6AB4 

12AT7/ 

ECC81* 


See Circuit 
Diagram 1 



5T8 

6AT6 

6CN7 

6SL7GT* 

6T8A 

8CN7 

12AT6 

12SL7GT* 

19T8 


See Circuit 
Diagram 1 
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As Pentode: 

5879 


See Circuit 
Diagram 2 


® 


As Triode: 

5879 


See Circuit 
Diagram 1 



* Peak volts 
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PH 

er 

cr 

R P 


Rg 2 

Rk 

Cg 2 

Ck 

C 


V.G. 


0.047 

•0.047 


1870 

_ 

3.1 

0.063 

14 

13 


0.047 

0.1 

— 

2230 

— 

2.5 

0.031 

18 

14 


0.047 

0.22 

_ 

2500 

— 

2.1 

0.016 

20 

14 


0.1 

0.1 

— 

3370 

— 

1.8 

0.034 

15 

14 

90 

0.1 

0.22 

_ 

4100 

_ 

1.3 

0.015 

20 

14 


0.1 

0.47 

_ 

4800 

_ 

1.1 

0.006 

23 

15 


0.22 

0.22 

_ 

7000 

_ 

0.80 

0.013 

16 

14 


0.22 

0.47 

_ 

9100 

_ 

0.65 

0.007 

22 

14 


0.22 

1.00 

— 

10500 

— 

0.60 

0.004 

25 

15 


0.047 

0.047 

__ 

1500 

_ 

3.6 

0.066 

33 

14 


0.047 

0.1 

— 

1860 

_ 

2.9 

0.055 

41 

14 


0.047 

0.22 

_ 

2160 

_ 

2.2 

0.015 

47 

15 


0.1 

0.1 

_ 

2750 

_ 

1.8 

0.028 

35 

15 

180 

0.1 

0.22 

_ 

3550 

— 

1.4 

0.015 

45 

15 


0.1 

0.47 

_ 

4140 

_ 

1.3 

0.007 

51 

16 


0.22 

0.22 

— 

5150 

— 

1.0 

0.016 

36 

16 


0.22 

0.47 

— 

7000 

_ 

0.71 

0.007 

45 

16 


0.22 

1.00 

— 

7800 

— 

0.61 

0.004 

51 

16 


0.047 

0.047 

_ 

1300 

_ 

3.6 

0.061 

59 

14 


0.047 

0.1 

_ 

1580 

_ 

3.0 

0.032 

73 

15 


0.047 

0.22 

— 

1800 

_ 

2.5 

0.015 

83 

16 


0.1 

0.1 

— 

2500 

— 

1.9 

0.031 

68 

16 

300 

0.1 

0.22 

_ 

3130 

_ 

1.4 

0.014 

82 

16 


0.1 

0.47 

_ 

3900 

_ 

1.2 

0.0065 

96 

16 


0.22 

0.22 

__ 

4800 

_ 

0.95 

0.015 

68 

16 


0.22 

0.47 

— 

6500 

_ 

0.69 

0.0065 

85 

16 


0.22 

1.00 

— 

7800 


0.58 

0.0035 

96 

16 



0.1 

0.1 

___ 

4400 

_ 

2.7 

0.023 

5 

29 


0.1 

0.22 

— 

4700 

_ 

2.4 

0.013 

6 

35 


0.1 

0.47 

— 

4800 

_ 

2,3 

0.007 

8 

41 


0.22 

0.22 

— 

7000 

_ 

1.6 

0.012 

6 

39 

SO 

0.22 

0.47 

— 

7400 

_ 

1.4 

0.006 

9 

45 


0.22 

1.0 

— 

7600 

_ 

1.3 

0.003 

11 

48 


0.47 

0.47 

_ 

12000 

_ 

0.9 

0.006 

9 

48 


0.47 

1.0 

— 

13000 

_ 

0.8 

0.003 

11 

52 


0.47 

2.2 

— 

14000 

— 

0.7 

0.002 

13 

55 


0.1 

0.1 

___ 

1800 

_ 

4.0 

0.025 

18 

40 


0.1 

0.22 


2000 

_ 

3.5 

0.013 

25 

47 


0.1 

0.47 

— 

2200 

— 

3.1 

0.006 

32 

52 


0.22 

0.22 

_ 

3000 

_ 

2.4 

0.012 

24 

53 

180 

0.22 

0.47 

— 

3500 

_ 

2,1 

0.006 

34 

59 


0.22 

1.0 

_ 

3900 

_ 

1.8 

0.003 

39 

63 


0.47 

0.47 

— 

5800 

_ 

1.3 

0.006 

30 

62 


0.47 

1.0 

_ 

6700 

_ 

1.1 

0.003 

39 

66 


0.47 

2.2 

— 

7400 

— 

1.0 

0.002 

45 

68 


0.1 

0.1 

_ 

1300 

_ 

4.6 

0.027 

43 

45 


0.1 

0.22 

_ 

1500 

_ 

4.0 

0.013 

57 

52 


0.1 

0.47 

— 

1700 

_ 

3.6 

0.006 

66 

57 


0.22 

0.22 

_ 

2200 

_ 

3.0 

0.013 

54 

59 

300 

0.22 

0.47 

_ 

2800 


2.3 

0.006 

69 

65 


0.22 

1.0 

_ 

3100 

_ 

2.1 

0.003 

79 

68 


0.47 

0.47 

_ 

4300 

_ 

1.6 

0.006 

62 

69 


0.47 

1.0 

— 

5200 

_ 

1.3 

0.003 

77 

73 


0.47 

2.2 

— 

5900 

— 

1.1 

0.002 

92 

75 


• One triode unit. * Peak volts. 



6FQ7/ 

6CG7* 

6SN7GTB* 

8FQ7/ 

8CG7* 

12FQ7* 

12SN7GTA* 

See Circuit 
Diagram l 



3AV6 

4AV6 

6AV6 

6EU7* 

12AV6 

12AX7A/ 

ECC83* 

20EZ7* 

7025* 


See Circuit 
Diagram 1 
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4BQ7A/ 

4BZ7* 

5BK7A* 

5BQ7A* 

6BK7B* 

6BQ7A/ 

6BZ7/ 

6BS8* 

See Circuit 
Diagram 1 



3BC5/ 

3CE5 

3CB6/ 

3CF6 

4CB6 

6AG5 

6BC5/ 

6CE5 

6CB6A/ 

6CF6 

See Circuit 
Diagram 2 
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Ebb 

Rp 

R , 

Rg 2 

Rk 

Cg 2 

c * 

C 

E 0 * 

V . G . 


0.047 

0.047 

_ 

1580 

_ 

4.0 

0.058 

9 

18 


0.047 

0.10 

— 

1760 

— 

3.5 

0.032 

13 

19 


0.047 

0.22 

— 

1820 

— 

3.0 

0.015 

16 

20 


0.1 

0.1 

— 

2920 

— 

2.1 

0.029 

12 

19 

90 

0.1 

0.22 

_ 

3570 

_ 

1.7 

0.015 

17 

20 


0.1 

0.47 

_ 

4020 

_ 

1.4 

0.0075 

20 

20 


0.22 

0.22 

— 

6040 

_ 

0.98 

0.0135 

16 

13 


0.22 

0.47 

_ 

7500 

_ 

0.78 

0.0075 

21 

20 


0.22 

1.0 

— 

8800 


0.63 

0.0036 

25 

20 


0.047 

0.047 

, 

694 

___ 

6.0 

0.062 

25 

23 


0.047 

0.1 

— 

817 

_ 

4.4 

0.032 

32 

24 


0.047 

0.22 


905 


4.0 

0.0155 

35 

25 


0.10 

0.1 

_ 

1596 

— 

2.80 

0.030 

30 

23 

160 

0.10 

0.22 


1630 

_ 

2.30 

0.0152 

32 

24 


0.10 

0.47 

_ 

1860 

— 

2.00 

0.0073 

38 

24 


0.22 

0.22 

_ 

3950 

_ 

1.24 

0.0150 

35 

22 


0.22 

0.47 

_ 

4500 

_ 

0.96 

0.0072 

41 

23 


0.22 

1.0 


5530 

— 

0.79 

0.0038 

49 

23 


0.047 

0.047 

_ 

438 

_ 

6.70 

0.062 

38 

26 


0.047 

0.1 

— 

542 

_ 

5.50 

0.032 

48 

27 


0.047 

0.22 

_ 

644 

_ 

4.30 

0.016 

57 

27 


0.10 

0.10 

_ 

1009 

__ 

3.5 

0.031 

42 

25 

300 

0.10 

0.22 

— 

1332 

_ 

2.5 

0.015 

56 

26 


0.10 

0.47 

_ 

1609 


2.1 

0.0074 

64 

25 


0.22 

0.22 

_ 

2623 

_ 

1.5 

0.015 

50 

24 


0.22 

0.47 


3900 

_ 

1.1 

0.0073 

70 

24 


0.22 

1.0 

— 

4920 

— 

0.88 

0.0039 

84 

24 



0.22 

0.22 

0.480 

3800 

0.046 

5.5 

0.0084 

10 

89 


0.22 

0.47 

0.480 

3800 

0.049 

5.5 

0.0054 

16 

114 


0.22 

1.0 

0.500 

4400 

0.045 

5.3 

0.0034 

23 

128 


0.47 

0.47 

1.04 

7200 

0.033 

2.9 

0.0044 

10 

111 

90 

0.47 

1.0 

1.04 

7700 

0.033 

2.8 

0.0029 

15 

133 


0.47 

2.2 

1.10 

8400 

0.031 

2.6 

0.0020 

18 

152 


1.0 

1.0 

2.50 

16000 

0.018 

1.4 

0.0023 

10 

118 


1.0 

2.2 

2.50 

18600 

0.016 

1.2 

0.0017 

11 

139 


0.22 

0.22 

0.550 

1600 

0.072 

9.5 

0.0090 

30 

161 


0.22 

0.47 

0.620 

1800 

0.062 

8.5 

0.0053 

36 

208 


0.22 

1.0 

0.650 

1900 

0.062 

8.5 

0.0034 

43 

239 


0.47 

0.47 

1.00 

3400 

0.059 

6.0 

0.0048 

34 

183 

160 

0.47 

1.0 

1.00 

3500 

0.059 

6.0 

0.0031 

41 

229 


0.47 

2.2 

1.00 

3800 

0.059 

5.8 

0.0020 

46 

262 


1.0 

1.0 

2.60 

7300 

0.029 

2.7 

0.0022 

33 

227 


1.0 

2.2 

2.60 

7400 

0.029 

2.7 

0.0016 

38 

281 


0.22 

0.22 

0.600 

980 

0.085 

13.0 

0.0085 

51 

223 


0.22 

0.47 

0.680 

1090 

0.084 

12.0 

0.0055 

64 

288 


0.22 

1.0 

0.700 

1150 

0.081 

11.0 

0.0033 

74 

334 


0.47 

0.47 

1.25 

2000 

0.064 

7.9 

0.0045 

52 

285 

300 

0.47 

1.0 

1.34 

2150 

0.061 

7.6 

0.0029 

67 

363 


0.47 

2.2 

1.53 

2350 

0.057 

7.1 

0.0019 

79 

416 


1.0 

1.0 

2.60 

4000 

0.044 

5.2 

0.0023 

51 

334 


1.0 

2.2 

3.00 

4700 

0.038 

4.3 

0.0015 

69 

427 

i 


• One triode unit. 


* Peak volts. 


Resistance-Coupled Amplifiers 


Ebb 

Rp 

R. 

Rg2 

Rk 

Cg2 

Ck 

C 

E 0 * 

V.G. 


0.22 

0.22 

0.560 

3700 

0.046 

4.50 

0.0090 

12 

73 


0.22 

0.47 

0.600 

3900 

0.043 

4.30 

0.0055 

17 

95 


0.22 

1.0 

0.640 

4200 

0.039 

4.00 

0.0033 

19 

109 


0.47 

0.47 

0.870 

6000 

0.036 

2.70 

0.0046 

16 

95 

90 

0.47 

1.0 

0.980 

6700 

0.044 

3.00 

0.0030 

22 

113 


0.47 

2.2 

1.00 

6700 

0.043 

2.80 

0.0020 

25 

131 


1.0 

1.0 

2.00 

12200 

0.021 

1.44 

0.0028 

15 

119 


1.0 

2.2 

2.20 

12800 

0.024 

1.74 

0.0016 

21 

167 


0.22 

0.22 

0.530 

1570 

0.069 

7.50 

0.0088 

32 

82 


0.22 

0.47 

0.600 

1730 

0.064 

7.40 

0.0064 

38 

164 


0.22 

1.0 

0.650 

1820 

0.061 

7.30 

0.0034 

45 

190 


0.47 

0.47 

1.12 

3200 

0.053 

5.30 

0.0046 

35 

147 

180 

0.47 

1.0 

1.40 

3500 

0.042 

5.10 

0.0028 

40 

209 


0.47 

2.2 

1.57 

3740 

0.040 

5.40 

0.0019 

45 

250 


1.0 

1.0 

2.50 

6500 

0.039 

2.80 

0.0024 

34 

179 


1.0 

2.2 

3.40 

7500 

0.026 

2.30 

0.0015 

39 

277 


0.22 

0.22 

0.600 

9200 

0.086 

11.2 

0.0085 

52 

182 


0.22 

0.47 

0.670 

1010 

0.076 

10.5 

0.0052 

66 

236 


0.22 

1.0 

0.720 

1100 

0.076 

10.0 

0.0033 

77 

257 


0.47 

0.47 

1.25 

1950 

0.060 

7.0 

0.0044 

41 

221 

300 

0.47 

1.0 

1.43 

3210 

0.053 

6.4 

0.0027 

72 

296 


0.47 

2.2 

1.45 

2200 

0.055 

6.3 

0.0019 

82 

345 


1.0 

1.0 

3.00 

4100 

0.040 

4.2 

0.0022 

57 

295 


1.0 

2.2 

3.30 

4340 

0.037 

3.6 

0.0016 

74 

378 


0.047 

0.047 

_ 

1292 

_ 

3.3 

0.060 

8 

12 


0.047 

0.1 

— 

1401 

— 

2.8 

0.032 

10 

13 


0.047 

0.22 

— 

1470 

— 

2.4 

0.016 

11 

13 


0.10 

0.1 

— 

2630 

— 

1.60 

0.029 

9 

13 

90 

0.10 

0.22 

_ 

3090 

— 

1.24 

0.015 

12 

13 


0.10 

0.47 

— 

3440 

— 

1.10 

0.008 

14 

14 


0.22 

0.22 

— 

6550 

— 

0.70 

0.015 

12 

12 


0.22 

0.47 

— 

8270 

— 

0.51 

0.0077 

16 

12 


0.22 

1.0 

— 

9130 

— 

0.44 

0.0045 

18 

12 


0.047 

0.047 

_ 

723 

_ 

4.0 

0.061 

16 

14 


0.047 

0.1 

— 

836 

— 

3.5 

0.032 

20 

14 


0.047 

0.22 

— 

948 

— 

2.9 

0.016 

24 

15 


0.10 

0.1 

— 

1543 

— 

2.0 

0.031 

17 

14 

180 

0.10 

0.22 

— 

2002 

— 

1.6 

0.016 

24 

14 


0.10 

0.47 

— 

2522 

— 

1.2 

0.0082 

30 

13 


0.22 

0.22 

— 

4390 

— 

0.79 

0.015 

24 

13 


0.22 

0.47 

— 

6122 

— 

0.57 

0.0078 

33 

12 


0.22 

1.0 

— 

8060 

— 

0.47 

0.0046 

41 

12 


0.047 

0.047 

_ 

534 

_ 

4.0 

0.061 

27 

15 


0.047 

0.1 

— 

726 

— 

3.6 

0.031 

38 

15 


0.047 

0.22 

— 

840 

— 

3.0 

0.015 

44 

15 


0.10 

0.1 

— 

1117 

— 

2.3 

0.031 

26 

15 

300 

0.10 

0.22 

— 

1613 

— 

1.7 

0.0155 

41 

14 


0.10 

0.47 

— 

2043 

— 

1.31 

0.0078 

51 

14 


0.22 

0.22 

— 

3133 

— 

0.93 

0.015 

36 

13 


0.22 

0.47 

— 

4480 

— 

0.69 

0,0079 

51 

13 


0.22 

1.0 

— 

4930 

— 

0.56 

0.0045 

55 

13 
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7199 

Pentode 

Unit 


See Circuit 
Diagram 2 



7199 

Triode 

Unit 


See Circuit 
Diagram 1 


* Peak volts. 
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Replacement Guide- 
Entertainment Receiving Types 

This guide was prepared to assist in the selection of current direct replacement 
tube types for foreign and domestic receiving tubes. Domestic and foreign receiv¬ 
ing tubes are listed in numerical alphabetical sequence with the RCA type that 
can be used as a direct replacement. Types replaceable only by themselves are 
not included. Whenever possible, a defective tube should be replaced by a type 
having the same number, or a superseding number. 

The primary considerations in selecting direct replacement tubes for this guide 
are: (1) mechanical interchangeability, (2) electrical interchangeability, (3) per¬ 
formance characteristics similar to that of the original equipment. All replace¬ 
ments shown are unilateral — that is the RCA tube can replace the indicated 
type. The reverse however, is not always permissible because of differences in 
electrical ratings. In some compact equipment designs, space limitations may make 


the suggested replacement 

Type to be Replace by 

Replaced RCA Type 

t impractical. 

Type to be Replace by 

Replaced RCA Type 

Type to be Replace by 
Replaced RCA Type 

0Z4, 0Z4A, 0Z4A/0Z4 

0Z46 

1AE4 1L4*, 1T4* 

1AF4 1U4* 

1AM4 1T4 

2FY5 2GK5/2FQ5A 

2GK5 2GK5/2FQ5A 

2GU5 2FS5 

2HA5, 2HK5, 2HM5/2HA5 

2HM5 

3EH7 3EH7/XF183 

3EJ7 3EJ7/XF184 

3FVS 

3FH5, 3FQ5, 3ER5*, 3GK5 
3FQ5A, 

3FY5 

3GS8 3BU8/3CS8 

3GU5 3FS5* 

3HA5, 3HM5 3HM5/3HA5 

3HM6 3JC6A 

3HT6 3JC6A 

1AQ5 1R5* 

1AR5 1U5 

1AS5 1U5 

1B3GT 1G3GTA/1B3GT 

1BX2 1X2C, 1X2B 

2T4 2AF4B/2DZ4* 

3AF4, 3AF4A 3AF4A/3DZ4 

3AW3 3A3C, 

3DB3/3CY3,* 

3DJ3 

3B2 3A3C, 

3DB3/3CY3,* 

3DJ3 

3B5 3Q5GT 

3BA6 3AU6 

1BY2A 1AD2A* 

1CI 1R5 

1DN5 1U5 

1F2 1L4 

1F3 1T4 

3JD6 3JC6A 

3KF8 3BU8/3GS8, 

3HS8 

3M-R24 3DK6 

3M-V7 3BZ6 

1FD9 1S5 

1G3GT, 1G3GTA/1B3GT 

1G3GTA 

1H33 1R5* 

U3, 1J3A 1K3A/1J3 

3BC5 3BC5/3CE5 

3BE6 3CS6 

3BS2, 3BS2A,3BW2/3BS2A/ 

3BS2B, 3BT2 

3BT2, 

3BT2A 

3Q5, 3Q5G, 3Q5GT 

3Q5GT, 

3Q5GT/G 

3S4, 3W4, 3Q4* 

3Z4 

1K3, 1K3A 1K3A/1J3 

1N2, 1N2A 1G3GTA/1B3GT 

1KA3A/1J3 

1P10 3S4 

1P11 3V4 

3BU8, 3BU8A 3BU8/3GS8 

3BW2 3BW2/3BS2A/3BT2 

3BY6 3CS6 

3C4 3V4* 

3C5GT 3Q5GT 

3CB6 3CB6/3CF6 

3CE5 3BC5/3CE5 

3CF6 3CB6/3CF6 

3CV3, 3CV3A 3A3C, 3DB3/3CY3 

3DJ3 

3CX3 3DA3/3DH3 

3CY3 3DB3/3CY3, 3DJ3 

3DA3 3DA3/3DH3 

3DB3 3DB3/3CY3 

3DE6 3BZ6 

3DH3 3DA3/3DH3 

3BZ4 3AF4A/3DZ4 

3E5 3V4* 

3EA5 3CY5 

4BA6 4AU6* 

4BC5 4CB6*, 4DK6* 

4BE6 4CS6 

4BL8 4BL8/XCF80 

4BQ7, 4BQ7A 4BQ7A/4BZ7 

1U6 1L6* 

2A3H 2A3 

2AF4, 2AF4A,2AF4B/2DZ4 

2AF4B 

2AH2 2BU2/2AH2 

4BS8 4BQ7A/4BZ7 

4BU8, 4BU8A4BU8/4GS8 

4BX8 4BQ7A/4BZ7 

4BY6 4CS6 

4BZ7 4BQ7A/4BZ7 

2BA2 2AV2 

2BU2 2BU2/2AH2 

2C22 6J5,6J5GT 

2DZ4 2AF4B/2DZ4 

2EA5 2CY5 

4BZ8 4BQ7A/4BZ7, 

4BC8 

4CE5 4CB6*, 4DK6* 

4CF6 4CB6, 4DE6, 4DK6 

4EH7 4EH7/LF183 

2ER5 2GK5/2FQ5A 

2ES5 2GK5/2FQ5A 

2EV5 2CY5 

2FQ5, 2FA5A 2GK5/2FQ5A 

2FV6 2CY5 

4EJ7 4EJ7/LF184 

4ES8 4ES8 XCC189 

4EW6 4LU6 

4FQ5, 4FQ5A,4GK5 

4FY5 


Replacement type may nat work in some circuits. 
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Type to be Replace by 
Replaced RCA Type 


4GJ7 4GJ7/XCF801 

4GM6 4LU6 

4GS7 4LJ8*, 5FG7* 

4GS8 4BU8/4GS8 

4HA5, 4HK5, 4HM5/4HA5, 

4HM5 4HQ5 

4HT6 

4JD6, 4JC6A* 

4JK6 

4LU6 

4JL6 

4LU6 

4FK8 

4BU8/4GS8, 

4HS8 

4KN8 

4KN8/4RHH8 

4RHH2 

4BQ7A/4BZ7 

4RHH8 

4KN8/4RHH8 

5AR4 

5AR4/GZ34 

5AU4 

5V3A/5AU4, 

5U4GB,5AS4A 

5AV8 

5B8* 

5AW4, 

5U4GB, 5AS4A, 

5AX4GT 

5V3A/5AU4 

5BC8 

5BQ7A 

5BE8 

5BR8/5FV8* 

5BR8 

5BR8/5FV8 

5BS8 

5BQ7A 

5BZ7 

5BQ7A 

5CG4 

5AR4/GZ34, 

5V4GA,5Z4 

5CM8 

5KZ8 

5CQ8 

5GH8A, 5EA8, 5U8 

5CR8 

5KZ8* 

5DH8 

5BR8/5FV8* 

5EH8 

5X8* 

5FV8 

5BR8/5FV8, 

5CL8A* 

5GJ7 

5GJ7/LCF801 

5GX6 

5HZ6 

5MHH3 

5J6 

5MQ8 

6MU8, 6HL8, 
5GH8A 

5RHH2 

5BQ7A 

5RHP1 

4BL8/XCF80 

5T4 

5R4GB 

5AR4/GZ34 

5V3, 5V3A 

5V3A/5AU4 

5W4, 5W4G, 

5Y3GT. 5Z4 

5W4GT 

5X3 

80 

5Y4G, 5Y4GA.5U4GB, 5AS4A, 

5Y4GT 

5V3A/5AU4 

5Z4, 5Z4G, 

5Y3GT, 5U4GB, 

5Z4GT, 

5AS4A, 

5Z4GT/G, 

5V3A/5AU4 

5Z4MG 

5Z10 

5U4GB 

6A8G, 6A8GT.6A8 

6A8GTX, 

6A8MG 

6AB7, 6AB7Y 6AC7, 6SG7*, 
6SH7* 

6AC7A, 

6AC7 

6AC7Y, 

6AC7W, 

6AC7WA 

6AD6G 

6AF6G 

6AF6GT 

6AF6G 


Type to be Replace by 
Replaced RCA Type 


6AG5WA 

6AG7Y 

6AH6WA 

6AJ4 

6AJ7 

6AG5 

6AG7 

6AH6 

6AM4* 

6AC7, 6SG7*, 

6SH7* 

6AJ8 

6AJ8/ECH81 

6AK5 

6AK5/EF95 

6AK7 

6AG7 

6AK8 

6AK8/EABC80 

6AL3 

6AL3/EY88 

6AL9 

6AG9 

6AQ8 

6AQ8/ECC85 

6AR8 

6JH8* 

6AU7 

7AU7 

6AW6 

6CB6A/6CF6, 


6DE6, 6DC6 

6B6, 6B6G 

6Q7 

6B8G. 6B8GT 6B8 

6B32 

6AL5 

6BA6 

6BA6/EF93 

6BC5 

6BC5/6CE5 

6BC8 

6BC8/6BZ8 

6BD4, 6BD4A 6BK4C/6EL4A 

6BE3, 6BE3A 6BE3/6BZ3 

6BE8, 6BE8A 6BR8A/6FV8A, 


6CL8A, 6FG7 

6BC32 

6AT6 

6BD5GT 

6AU5GT*, 6AV5GA* 

6BK4, 6BK4A.6BK4C/6EL4A 

6BK4B, 


6BK4C 


6BK6 

6AT6, 6AV6 

6BK11 

6K11/6BQ11*, 


6AC10 

6BL8 

6BL8/ECF80 

6BM5 

6AQ5A, 6HG5 

6BM8 

6BM8/ECL82 

6BN6 

6BN6/6KS6 

6BQ5 

6BQ5/EL84 

6BQ6G, 

6BQ6GTB/6CU6 

6BQ6GA, 

6BQ6GT, 

6BQ6GTA, 

6BQ&GTB 

6BQ7. 6BQ7A 6BQ7A/6BZ7/6BS8 

6BR3 

6BR3/RK19 

6BR8 

6BR8A/6FV8A 

6BS8 

6BQ7A/6BZ7/6BS8 

6BT6 

6AT6, 6AV6 

6BU6 

6BF6 

6BW3 

6CG3/6BW3/6DQ3 

6BW7 

6HM6*, 6EJ7*, 


6JC6A* 

6BX8 

6BC8'6BZ8, 


6BQ7A/6BZ7/ 


6BS8 

6BZ3 

6BE3/6BZ3 

6BZ7 

6BQ7A/6BZ7/6BS8 

6BZ8 

6BC8/6BZ8 

6C4W, 6C4WA6C4 

6C5G, 6C5GT 6C5 

6C8G 

6F8G* 

6C16 

6BL8/ECF80 

6C31 

6K8 

6CA7 

6CA7/EL34 

6CB6, 6CB6A 6CB6A/6CF6 


Type to be Replace by 
Replaced RCA Type 


6CC31 

6CC43 

6CD3 

6CE3 

6CE5 

6J6A 

6AQ8/ECC85 

6CE3/6CD3/6DT3 

6CE3/6CD3/6DT3 

6BC5/6CE5 

6CF6 

6CB6A/6CF6 

6CG3 

6CG3/6BW3/6DQ3 

6CG6 

6BA6/EF93, 6BD6 

6CG7 

6FQ7/6CG7 

6CH3 

6CJ3/6CH3 

6CJ3 

6CJ3/6CH3 

6CK3 

6CL3/6CK3 

6CL3 

6CL3 '6CK3 

6CQ4 

6DE4/6CQ4 

6CR8 

6CM8*. 6KZ8* 

6CS5 

6CM6* 

6CS8 

6CM8*, 6KZ8* 

6CU6 

6BQ6GTB/6CU6 

6CW5 

6CW5/EL86 

6D2 

6AL5 

6D8. 6D8G 

6A8 

6DA4. 6DA4A 6DM4A/6DA4 

6DE4 

6DE4/6CQ4 

6DK3 

6DL3 

6DL4 

6DL4/EC88 

6DL5 

6DL5/EL95 

6DM4, 

6DM4A/6DA4 

6DM4A 

6DQ3 

6CG3/6BW3/6DQ3 

6DQ4 

6AX4GTB, 

6DE4/6CQ4 

6DQ6, 6D6A, 6GW6/6DQ6B 

6DQ6B 

6DT3 

6CE3/6CD3/6DT3 

6DT4 

6AU4GTA, 

6DE4/6CQ4, 

6DM4A/6DQ4 

6DW5 

6CM6 

6DX8 

6DX8^ECL84 

6DY5 

6CW5*, 6BQ5/ 
EL84 

6EA4 

6EH4A 

6EA5 

6EV5, 6AK5/ 

EF95*, 6CY5 

6EA7 

6EM7/6EA7 

6EB5 

6AL5 

6EC4, 6EC4A 6EC4A/EY500 

6EF4 

6EJ4A 

6EF6 

6EZ5*, 6W6GT*, 
6DG6GT* 

6EH7 

6EH7/EF183 

6EJ7 

6EJ7/EF184 

6EL4, 6EL4A 6BK4C/6EL4A 

6EL7 

6HM6*, 6EJ7*, 
6JC6A* 

6EM7 

6EM7/6EA7 

6ES8 

6ES8/ECC189 

6ET6 

6DT6A*, 

6GY6/6GX6*, 

6HZ6* 

6ET7 

6KU8* 

6EX6 

6CD6GA 

6EY6 

6EZ5 

6F5G, 6F5GT, 6F5 

6F5MG 

6F6. 6F6G. 

6F6. 6F6GT 

6F6GT, 

6F6GT/G, 

6F6MG 


Replacement type may not work in some circuits. 
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Type to be Replace by 

Replaced RCA Type 

6F10 6AC7 

6F24 6EJ7/EF184 

6F29 6EH7/EF183 

6F30 6EJ7/EF184 

6F31 6AU6A 

6F32 6AK5/EF95 

6F36 6AH6 

6FG5 6FS5,6HS6* 
6FG6, 6FG6G 6FG6/EM84 
6FH6 6GW6/6DQ6B 

6FQ5, 6FQ5A 6GK5/6FQ5A 
6FQ7 6FQ7/6CG7 

6FR7 6FD7 

6FV8, 6FV8A 6BR8A/6FV8A 


6FW8 

6KN8/6RHH8, 

6DJ8/ECC88, 

6ES8/ECC189 

6FY5 

6FY5/EC97 

6G5 

6U5 

6GA8 

6FQ7/6CG7*, 

6GU7* 

6GB3A 

6BQ6GTB/6CU6 

6GB5 

6GB5/EL500 

6GB6, 6GB7. 

6GW6/6DQ6B 

6GB9 

6GD7 

6U8*, 6CG8A*, 
6FG7* 

6GJ7 

6GJ7/ECF801 

6GJ8 

6GH8A*, 6HL8, 
6MU8 

6GK5 

6GK5/6FQ5A 

6GK17 

6AU4GTA 

6GQ7 

6BC7*, 6BJ7* 

6GS8 

6BU8, 6HS8, 

6MK8A 

6GU5 

6FS5* 

6GV8 

6GV8/ECL85 

6GW6 

6GW6/6DQ6B 

6GW8 

6GW8/ECL86 

6GX6 

6GY6/6GX6 

6GY6 

6GY6/6GX6 

6H5 

6U5 

6H6G, 6H6GT.6H6 

6H6GT/G, 

6H6MG 

6H31 

6BE6 

6HA5 

6HM5/6HA5 

6HA6 

6HB6/6HA6 

6HB6 

6HB6/6HA6 

6HC8 

6BM8/ECL82* 

6HE5 

6JB5/6HE5 

6HG8 

6HG8/ECF86 

6HK5 

6HQ5 

6HK8 

6BC8/6BZ8, 
6BQ7A/6BZ7/ 
6BS8, 6BK7B 

6HM5 

6HM5/6HA5 

6HQ6 

6BZ6, 6JH6, 6GM6* 

6HT6 

6HM6, 6JC6A, 

6JD6 

6HU6 

6HU6/EM87 

6HU8 

6HU8/ELL80 

6HZ5 

6HZ5/6JD5 

6HZ8 

6AW8A, 6HF8, 

6LF8, 6JV8 


Type to be Replace by 
Replaced RCA Type 


6J5, 6J5G, 
6J5GT, 
6J5GT/G, 
6J5GTX, 
6J5GX, 
6J5MG 

6J5, 6J5GT 

6J7, 6J7G, 

6J7 

6J7GT, 

6J7GTX, 

6J7MG 

6J10 

6Z10/6J10 

6JB5 

6JB5/6HE5 

6JC5 

6JB5/6HE5 

6JD5 

6HZ5/6JD5 

6JE6, 6JE6A, 6MJ6/6LQ6/ 

6JE6B, 

6JE6C, 

6JE6C 

6LQ6/6JE6C 

6JL6 

6EW6, 6JK6, 

6GM6 

6JN6, 6JN6A 

6JN6 

6JW8 

6JW8/ECF802 

6K6, 6K6G, 

6K6GT 

6K6GT, 

6K6GT/G, 

6K6MG 

6K7. 6K7G. 

6K7 

6K7GT, 

6K7GTX, 

6K7MG 

6K8, 6K8G, 

6K8 

6K8GT, 

6K8GTX 

6K11 

6K11/6Q11 

6KD8 

6U8A/6KD8 

6KF8 

6BU8, 6HS8, 

6GS8, 6MK8A 

6KG6A 

6KG6A/EL509 

6KN8 

6KN8/6RHH8 

6KS6 

6BN6/6KS6 

6KS8 

6AW8A, 6JV8, 

6LF8, 6HF8 

6KV8 

6JT8, 6KR8, 

6LB8, 6LQ8 

6L5G 

6J5, 6J5GT, 6C5 

6L6. 6L6A, 

6L6GC 

6L6G, 

6L6GA, 

6L6GB, 

6L6GC, 

6L6GT, 

6L6GX, 

6L6Y 

6L7, 6L7G 

6L7 

6L10 

6AG7 

6L12 

6AQ8/ECC85 

6L13 

12AX7A/ECC83 

6L31 

6AQ5A 


6L43 6CL6 

6LD12 6AK8/EABC80 
6LF6 6LF6/6MH6, 

6LF6/6LX6 
6LH6, 6LH6A 6LJ6A/6LH6A 
6LJ6, 6LJ6A 6LJ6A/6LH6A 


Type to be 
Replaced 

Replace by 

RCA Type 

6LN8 

6LN8/LCF80 

6LP12 

6BM8/ECL82 

6LQ6 

6MJ6/6LQ6/ 


6JE6C, 


6LQ6/6JE6C 

6LX8 

6LX8/LCF802 

6M1 

6U5 

6M7G 

6K7* 

6MH6 

6LF6/6MH6, 


6LX6* 

6MHH3 

6J6 

6MJ6 

6MJ6/6LQ6/6JE6C 

6N7, 6N7G, 

6N7, 6N7GT 

6N7GT, 


6N7GT/G, 


6N7MG 


6P9 

6AQ5A, 6HG5 

6P15 

6BQ5/EL84 

6PL12 

6BM8/ECL82 

6Q7, 6Q7G, 

6Q7 

6Q7GT, 


6Q7MG 


6Q8 

6A8 

6Q11 

6K11/6Q11 

6R3 

6AF3, 6AL3/EY88, 


6BR3/6RK19 

6R8 

6T8A 

6RHH2 

6BC8/6BZ8 

6RHH8 

6KN8 ; 6RHH8 

6RK19 

6BR3/6RK19 

6S5G 

6E5 

6S7, 6S7G 

6K7 

6SA7G, 

6SA7 

6SA7GT, 


6SA7GT/G, 

6SA7GTX, 


6SA7GTY, 


6SA7Y 


6SB7, 

6SB7Y 

6SB7GTY, 


6SB7Y 


6SC7, 

6SC7 

6SC7GT, 


6SC7GTY 


6SG7, 

6SG7 

6SG7GT, 


6SG7Y 


6SH7, 

6SH7 

6SH7GT, 


6SH7L 


6SJ7, 

6SJ7 

6SJ7GT, 


6SJ7GTX, 


6SJ7GTY, 


6SJ7Y 



6SK7, 6SK7G.6SK7, 6SK7GT 
6SK7GT, 

6SK7GT/G, 

6SK7GTX, 

6SK7GTY, 

6SK7Y, 

6SK7W, 

6SK7WA, 

6SK7WGT 

6SL7A, 6SL7GT 
6SL7GT, 

6SL7TY, 

6SL7L 


Replacement type may not work in some circuits. 
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Type to be Replace by 
Replaced RCA Type 


6SN7A, 

6SN7GTA, 

6V6GTA, 

6SN7GTB, 

6SN7GTY, 

6SN7L 

6SN7GTB 

6SQ7, 

6SQ7 

6SQ7G, 

6SQ7GT 

6SQ7GT/G 

6SR7, 6SR7G,6SR7 

6SR7GT 

6SS7, 

6SK7, 6SK7GT 

6SS7GT 

6ST7 

6SR7 

6SZ7 

6SQ7 

6T1 

6AF4, 6AF4A, 

6DZ4 

6T5 

6U5 

6T7G 

6Q7 

6U4GT 

6AX4GTB, 6DM4A/ 
6DQ4, 

6DE4, 6CQ4, 
6W4GT 

6U6GT 

6Y6GA/6Y6G 

6U7G 

6K7, 6J7 

6U8, 6U8A 

6U8A/6KD8 

6U9 

6U9/ECF201 

6V4 

6CA4 

6V6G, 

6V6GTA 

6V6GT, 

6V6GTA, 

6V6GT/G, 

6V6GTX, 

6V6GX, 

6V6GTY, 

6V6Y 

6W5G, 

6AX5GT, 6X5GT 

6W5GT 

6W7G 

6J7 

6X5. 6X5G, 

6X5GT 

6X5GT, 

6X5GT/G, 

6X5L, 

6X5MG, 

6X5 W, 

6X5WGT 

6X9 

6X9 / ECF200 

6Y6G, 

6Y6GA/6Y6G 

6Y6GT, 

6Y6GA 

6Y9 

6Y9/EFL200 

6Z10 

6Z10/6J10 

6Z31 

6X4 

6ZY5G 

6X5GT 

7D11 

6CA7/EL34 

7HG8 

7HG8/PCF86 

8A8 

9A8/PCF80, 

9GH8A, 9U8A 

8BA8A 

8AU8, 8AW8A 

8BH8 

8AU8, 8AW8A, 

8JV8 

8CG7 

8FQ7/8CG7 

8CW5, 

8CW5/XL86 

8CW5A 

8EB8 

8GN8/8EB8 

8FQ7 

8FQ7/8CG7 

8GJ7 

8GJ7/PCF801 

8GN8 

8GN8 / 8EB8 

8GX7 

8GJ7/PCF801* 

8JE8 

8CX8, 8GN8/8EB8 


Type to be 
Replaced 

Replace by 

RCA Type 

8KS8 

8AU8, 8AW8A, 

8JV8 

9A8 

9A8/PCF80 

9AQ8 

9AQ8/PCC85 

9EA8 

9GH8A, 9U8A 

9GV8 

9GV8/XCL85 

9JW8 

9JW8/PCF802 

9RAL1 

10DE7, 10EW7 

9RHH2 

9GH8A 

10CW5 

10CW5/LL86 

10 D2 

12AL5 

10DX8 

10DX8/LCL84 

10GV8 

10GV8/LCL85 

10JA8 

10JA8/10LZ8 

10LZ8 

10JA8/10LZ8 

10PL12 

50BM8/UCL82 

12AC6 

12AF6, 12BL6 

12AD7 

12AX7A/ECC83, 7025 

12AF3 

12AF3/12BR3/12RK19 

12AG6 

12AD6 

12AS5 

12CA5, 12R5 

12AT7 

12AT7/ECC81 

12AU7, 

12AU7A/ECC82 

12AU7A 

12BB14 

13GB5/XL500 

12BC22 

12AV6 

12BC32 

12AV6 

12BD6 

12BA6 

12BK6 

12AT6, 12AV6 

12BQ6GA, 

12BQ6GTB/12CU6 

12BQ6GT, 

12BA6GTA, 

12BQ6GTB 

12BU6 

12BF6 

12BR3 

12AF3/12BR3/12RK19 

12BS3, 

12BS3A/12DW4A 

12BS3A 

12BT6 

12AT6, 12AV6 

12BV7 

12BY7A/12BV7/12DQ7 

12BY7, 

12BY7A/12BV7/12DQ7 

12BY7A 

12C5 

12CU5/12C5 

12CK3 

12CL3, 12BS3A/ 

12DW4A 

12CS6 

12BE6 

12CU5 

12CU5/12C5 

12CU6 

12BQ6GTB/12CU6 

12CX6 

12BL6, 12AF6 

12DF7 

12AX7A/ECC83, 7025 

12DL8 

12DS7* 

12DM4, 

12D4 

12DM4A | 

12DM5 

12FX5 

12DM7 

12AX7A/ECC83* 

7025* 

12DQ6, 

12GW6/12DQ6B 

12DQ6A, 

12DQ6B 

12DQ7 

12BY7A/12BV7/12DQ7 

12DT7 

12AX7A/ECC83. 7025 

12DW4A 

12BS3A/12DW4A 

12DZ6 

12EK6/12DZ6/12EA6 

12E5GT 

12J5GT 

12E13 

6550, 6CA7/EL34 


Type to be 
Replaced 


12EA6 

12ED5 

12EH5 

12EK6 

12EN6 


12EX6 

12F31 

12FT6 

12GB3 

12GB6, 

12GB7 


12GK17 

12GN7, 

12GN7A, 

12GW6 

12H31 

12HG7 


12RK19 

12RLL3 

12RLL5 


12SA7G, 

12SA7GT, 

12SA7GT/G 

12SA7GTY, 

12SA7Y 

12SF7GT, 

12SF7Y 


12SG7GT, 

12SG7Y 

12SH7GT 

12SJ7GT 


12SK7G, 

12SK7GT, 

12SK7GT/G 

12SK7GTY, 

12SK7Y 


12SQ7G, 

12SQ7GT, 

12SQ1GT/G 

12SX7GT 

12SY7, 

12SY7GT 


13D2 

13EM7 

13FM7 

13FR7 

13GB5 


13J10 

13Z10 

14JG8 

15CW5 

15DQ8 


15EA7 

15EW7 

15FM7 

15MX8 

16A5 


16A8 

16AQ3 

16MY8 

17A8 

17AB10 


17BE3 

17BQ6GTB 

17BR3 

17BS3, 

17BS3A 


Replace by 
RCA Type 


12EK6/12D26/12EA6 

12FX5 

12CA5, 12CU5/12C5 
12EK6/12DZ6/12EA6 
12L6GT, 12W6GT 


12EK6/12DZ6/ 12EA6 
12BA6 

12AE6A, 12BF6 

12BQ6GTB/12CU6 

12GW6/12DQ6B 


12D4 

12HG7/12GN7A 

12GW6/12DQ6B 

12BE6 

12HG7/12GN7A 


12AF3/12BR3/12RK19 

12AV7 

12FQ7 


12SA7 


12SF7 

12SG7 

12SH7 

12SJ7 

12SK7 


12SQ7 


12SN7GTA 

12SA7 


6SN7GTB 

13EM7/15EA7 

13FM7/15FM7 

13FD7 

13GB5/XL500 


13Z10/13J10 
13Z10/13J10 
14GT8 

15CW5/PL84 

15DQ8/PCL84 


13EM7/15EA7 

13DE7 

13FM7/15FM7 

15KY8A 

15CW5* 


16A8/PCL82 

16AQ3/XY88 

16LU8A 

19EA8 

17AB10/17X10 


17BE3/17BZ3 

17GW6/17DQ6B 

17BR3/17RK19 

17BS3A/17DW4A 


Replacement type may not work in some circuits. 
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Type to be Replace by 
Replaced RCA Type 


17BZ3 

17C5 

17CL3 

17CU5 

17DQ4 

17E3/17BZ3 

17CU5/17C5 

17CK3, 17BS3A/ 
17DW4 
17CU5/17C5 
17DM4A, 17D4 

17DQ6, 

17GW6/17DQ6B 

17DQ6A, 

17DQ6B 

17DW4A 

17BS3A/17DW4A 

17EW8 

17EW8/HCC85 

17GW6 

17GW6/17DQ6B 

17JR6 

17JG6A 

17LD8 

15KY8A 

17RK19 

17BR3/17RK19 

17X10 

17AB10/17X10 

17Z3 

17Z3/PY81 

18GB5 

18GB5/LL500 

18GE6, 

18FY6A 

18GE6A 

18GV8 

18GV8/PCL85 

19C8 

19T8 

19CG3 

19CG3/19DQ3 

19CL8A 

19JN8/19CL8A 

19DQ3 

19CG3/19DQ3 

19JN8 

19JN8/19CL8A 

19MR9. 

18GD6A 

19MR10 

19MR19 

18FW6A 

20AQ3 

20AQ3/LY88 

21EX6 

25CD6GB, 25DN6 

21JS6A 

23JS6A 

21MY8 

21LU8 

24JE6, 

24LQ6/24JE6C 

24JE6A, 

24JE6B 

24LQ6 

24LQ6/24JE6C 

25BQ6GA, 

25BQ6GT, 

25BQ6GTB/25CU6 

25BQ6GTB 

25CA5 

25C5, 25EH5 

25CU6 

25BQ6GTB/25CU6 

25E5 

25E5/PL36 

25EC6 

25CD6GB 

25GB6 

25BQ6GTB/25CU6 

25L6, 25L6G, 25L6GT/25W6GT 

25L6GT, 

25L6GT/G 

25W6GT 

25L6GT/25W6GT 

25Z6, 25Z6G, 25Z6GT 

25Z6GT, 

25Z6GT/G, 

25Z6MG 

27GB5 

27GB5/PL500 

28GB5 

27GB5/PL500 

29KQ6 

29KQ6/PL521 

30A5 

35C5, 35EH5 

30AE3 

30AE3/PY88 

30C1 

9A8/PCF80 

30P4 

25E5/PL36 

30P18 

15CW5/PL84 

30P19 

25E5/PL36 

30PL12 

16A8/PCL82 


Type to be 
Replaced 

Replace by 

RCA Type 

30PL13, 

16GK6 

30PL14 

32ET5. 

34GD5A 

32ET5A 

35Z5, 35Z5G, 35Z5GT 

35Z5GT/G 

36KD6 

36KD6/40KD6 

40KD6 

36KD6/40KD6 

40KG6, 

40KG6A/PL509 

40KG6A 

42EC4, 

42EC4A/PY500 

42EC4A 

48A8 

5GBM8/UCL82 

50BM8 

50BM8/UCL82 

50CA5 

50EH5 

52KU, 53KU, 

5Y3GT 

54KU 

58HE7 

53HK7 

77 

6C6 

274 

5V4GA 

310A, 328A 

6C6 

349A 

6K6GT 

351A 

6X5GT 

403A 

6AK5/EF95 

731A 

6AK5/EF95 

1217 

6BE6 

1221 

6C6 

1225 

6L7 

1381HQ 

6AK5/EF95 

1611 

6F6, 6F6GT 

1613 

6F6, 6F6GT 

1649 

6AC7 

1655 

6SC7 

1852 

6AC7 

2057/6H6 

6H6 

3107 

5V4GA 

4707 

6X4 

5661 

12SK7 

5693 

6SJ7 

5871 

6V6GT 

5910 

1U4 

5931 

5U4GB 

5932 

7027A 

5992 

6V6GTA 

6087 

5Y3GT 

6100 

6C4 

6106 

5Y3GT 

6113 

6SL7GT 

6134 

6AC7 

6135 

6C4 

6853 

5Y3GT 

6968 

6AK5/EF95 

7700 

6C6 

7717 

6CY5 

7724 

14GT8 

7732 

6CB6A/6CF6 

7733 

12BY7A/12FV7/12DQ7 

8016 

1G3GTA/1B3GT 

A61 

17Z3/PY81 

A677 

6C6 

A863 

6J7 

A2900 

12AT7/ECC81 

B36 


Type to be Replace by 
Replaced RCA Type 


B65 

B152 

B309 

B329 

B339 

6SN7GTB 

12AT7/ECC81 

12AT7/ECC81 

12AU7A/ECC82 

12AX7A/ECC83 

B719 

6AQ8/ECC85 

B739 

12AT7/ECC81 

B749 

12AU7A/ECC82 

B759 

12AX7A/ECC83 

BPM04 

6AQ5A 

CK1003 

0Z4A/0Z4 

CSF80 

4BL8/XCF80 

CV1758, 

CV2742, 

114 

C2795 

D2M9, D27 

6AL5 

D63 

6H6 

D77. D152, 

6AL5 

D717 

DAF92 

1U5 

DD6 

6AL5 

DF91 

1T4 

DF92 

1L4 

DF904 

1U4 

DH63 

6Q7 

DH77 

6AT6 

DH719 

6AK8/EABC80 

DK91 

1R5 

DL33 

3Q5GT 

DL37 

6L6GC 

DL94 

3V4 

DL95 

3Q4 

DL012 

6T8A 

DP61 

6AK5/EF95 

DY30 

1G3GTA/1B3GT 

DY80 

1X2C, 1X2B 

E81CC 

12AT7/ECC81 

E82CC 

12AU7A/ECC82 

E83CC 

12AX7A/ECC83 

E90F 

6BH6 

E90Z 

6X4 

E95F 

6AK5/EF95 

E99F 

6BJ6 

E902 

6X4 

E2157 

12AT7/ECC81 

E2163 

12AU7A/ECC82 

E2164 

12AX7A/ECC83 

EAA91 

6AL5 

EABC80 

6AK8/EABC80, 

6T8A 

EB34 

6H6 

EB91 

6AL5 

EBC90 

6AT6 

EBC91 

6AV6 

EBF32 

6B8 

EC88 

6DL4/EC88 

EC90 

6C4 

EC92 

6AB4 

EC94 

6AF4, 6AF4A 

EC95 

6ER5 

EC97 

6FY5/EC97, 

6ER5 

EC900 

6HM5/6HA5 


Replacement type may not work in some circuits. 
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Type to be Replace by 
Replaced RCA Type 


ECC32 

ECC35 

ECC81 

ECC82 

ECC83 

6SN7GTB 

6SL7GT 

12AT7/ECC81 

12AU7A/ECC82 

12AX7A/ECC83 

ECC85 

6AQ8/ECC85 

ECC88 

6ES8/ECC189 

ECC91 

6J6A 

ECC180 

6BQ7A/6BZ7/6BS8 

ECC186 

12AU7A/ECC82 

EC C189 

6ES8/ECC189 

ECC801 

12AT7/ECC81 

ECC802 

12AU7A/ECC82 

ECC803 

12AX7A/ECC83 

ECC900 

6HM5/6HA5 

ECF80 

6BL8/ECF80 

ECF82 

6U8A 

ECF86 

6HG8/ECF86 

ECF200 

6X9/ECF200 

ECF201 

6U9/ECF201 

ECF801 

6GJ7/ECF801 

ECF802 

6JW8/ECF802 

ECH42 

6C10 

ECH81 

6AJ8/ECH81 

ECL82 

6BM8/ECL82 

ECL84 

6DX8/ECL84 

ECL85 

6GV8/ECL85 

ECL86 

6GW8/ECL86 

ECLIOO 

6BQ7A/6BZ7/6BS8 

ECL180 

6BQ7A/6BZ7/6BS8 

ED2 

6AL5 

EF36, EF37 

6J7* 

EF39 

6K7 

EF93 

6BA6/EF93 

EF94 

6AU6A 

EF95 

6AK5/EF95 

EF96 

6AG5 

EF183 

6EH7/EF183 

EF184 

6EJ7/EF184 

EF190 

6BZ6 

EF811 

6EH7/EF183 

EF814 

6EJ7/EF184 

EF905 

6AK5/EF95 

EFL200 

6Y6/EFL200 

EH90 

6CS6 

EK90 

68 E6 

EL34 

6CA7/EL34 

EL36 

6GW6/6DQ6B* 

EL37 

6L6GC 

EL84 

6BQ5/EL84 

EL86 

6CW5/EL86 

EL90 

6AQ5A 

EL95 

60L5/EL95 

EL180 

12BY7A/12BV7/ 

12DQ7 

EL500 

6GB5/EL500 

EL505, 

EL509 

6KG6A/EL509 

ELF86 

6HG8/ECF86 

ELL80 

6HU8/ELL80 

EM35 

6U5 

EM84 

6FG6/EM84 

EM87 

6HU6/EM87 

EM 840 

6FG6/EM84 

EY83 

6AL3/EY88 

EY88 

6AL3/EY88 

EY500 

6EC4A/EY500 


Type to be Replace by 
Replaced RCA Type 


EZ4 

6CA4 

EZ35 

6X5GT 

EZ81 

6CA4 

EZ90, EZ900 

6X4 

G77 

6C6 

GZ30 

5Y3GT 

GZ31 

5U4GB 

GZ32 

5V4GA 

GZ34, GZ37 

5AR4/GZ34 

H52 

5U4GB 

H63 

6F5 

H250 

6C6 

HAA91 

12AL5 

HABC80 

19T8 

HBC90 

12AT6 

HBC91 

12AV6 

HCC85 

17EW8/HCC85 

HD93 

1X2B, 1X2C 

HD94 

6BQ6GTB/6CU6 

HD96 

25BQ6GTB/25CU6 

HF93 

12BA6 

HF94 

12AU6 

HK90 

12BE6 

HL92 

50C5 

HM04 

6BE6 

HY90 

35W4 

HY145 

1U4 

HZ90 

12X4 

KT32 

25L6GT/25W6GT 

KT63 

6F6, 6F6GT 

KT66 

6L6GC, 7027A* 

KT71 

50L6GT 

KT77 

6CA7/EL34 

KTW63 

6K7 

KTZ63 

6J7 

L63 

6J5, 6J5GT 

L77 

6C4 

LC97 

3GK5 

LC900 

3HM5/3HA5 

LCF80 

6LN8/LCF80 

LCF86 

5HG8/LCF86 

LCF201 

5U9/LCF201 

LCF801 

5GJ7/LCF801 

LCF802 

6LX8/LCF802 

LCL82 

11BM8 

LCL84 

10DX8/LCL84 

LCL85 

10GV8/LCL85 

LCL200 

10DX8/LCL84 

LF183 

4EH7/LF183 

LF184 

4EJ7/LF184 

LL86 

10CW5/LL86 

LL500 

18GB5/LL500 

LL521 

21KQ6 

LN119 

50BM8/UCL82 

LY88 

20AQ3/LY88 

LZ319, LZ329 9A8/PCF80 

M8080 

6C4 

M8081 

6J6A 

M8101 

6BA6/EF93 

M8136 

12AU7A/ECC82 

M8137 

12AX7A/ECC83 

M8162 

12AT7/ECC81 

M8245 

6AQ5A 

MV6-5 

6SA7 

N15, N16 

3Q5GT 


Type to be Replace by 
Replaced RCA Type 


N18 

N19 

N30EL 

N63 

N66 

3Q4 

3V4 

6LF6 

6F6, 6F6GT 

6K6GT 

N77 

6L6GC 

N308 

25E5/PL36 

N369 

16A8/PCL82 

N378, N379 

15CW5/PL84 

N709 

6BQ5 

N727 

6AQ5A 

0BC3 

12SQ7 

0M3 

6H6 

0M6 

6K7 

0SW2190 

6AC7 

0SW2192 

6AG7 

0SW2600 

6AC7 

OSW2601 

6AG7 

OSW3104 

6SA7 

0SW3105 

6SQ7 

0SW3106 

6V6, 6V6GTA 

0SW3107 

5AR4/GZ34, 

5V4GA,5Z4 

OSW3109 

6H6 

OSW3110 

6E5 

0SW3111 

6SK7, 6SK7GT 

OSW3112 

6J5, 6J5GT 

PC95, PC97 

4GK5 

PC900 

4HM5/4HA5 

PCC18 

7AU7 

PCC85 

9AQ8/PCC85 

PCC186 

7AU7 

PCF80 

9A8/PCF80 

PCF82 

9U8A 

PCF86 

7HG8/PCF86 

PCF801 

8GJ7/PCF801 

PCF802 

9JW8/PCF802 

PCF806 

8GJ7/PCF801 

PCL82 

16A8/PCL82 

PCL84 

15DQ8/PCL84 

PCL85 

18GV8/PCL85 

PCL800 

16GK6 

PF9 

6K7 

PH 4 

6A8 

PL36 

25E5/PL36 

PL84 

15CW5/PL84 

PL500 

27GB5/PL500 

PL505, PL509 40KG6A/PL509 

PL521 

29KQ6/PL521 

PM04 

6BA6 

PM05 

6AK5/EF95* 

PY81, PY83 

17Z3/PY81 

PY88 

30AE3/PY88 

PY500 

42EC4/PY500 

PY800, 

17Z3/PY81 

PY801 

QA2401 

6C4 

QA2404 

6AL5 

QA2406 

12AT7/ECC81 

QB65 

6SN7GTB 

QB309 

12AT7/ECC81 

QL77 

6C4 

R19 

1X2B, 1X2C 

R52, RJ2, 

5Y3GT 

RS2 

T2M05 

6J6A 

TTZ63 

6J7 


Replacement type may not work in some circuits. 
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Type to be Replace by 

Replaced RCA Type 

Type to be Replace by 

Replaced RCA Type 

Type to be Replace by 
Replaced RCA Type 

U41 1G3GTA/1B3GT 

U50, U51 5Y3GT 

U52 5U4GB 

U54 5AR4/GZ34 

U77 5AR4/GZ34 

WT210-0082 6V6, 6V6GTA 

WT210-0084 6N7, 6N7GT 

WT210-0085 50B5 

WT210-0087 6K8 

WT210-0088 6J5, 6J5GT 

X719 6AJ8/ECH81 

X727 6BE6 

XAA91, XB91 3AL5 

XC95, XC97 2GK5/2FQ5A 

XC900 2HM5/2HA5 

U78 6X4 

1)147 6X5GT 

U153, U193, 17Z3/PY81 

1)251, U349 

U707 6X4 

WT210-0090 6C6 

WT210-0148 6AX5GT 

WT261, 6H6 

WT261A 

WT308 6X5GT 

WT389 3Q5GT 

WT390 6C5 

WTT102 5Y3GT 

WTT103 6H6 

WTT114 OZ4A/OZ4 

WTT122 6SJ7 

XCC82 7AU7 

XCC189 4ES8/XCC189 

XCF80 4BL8/XCF80 

XCF82 5U8 

XCF801 4GJ7/XCF801 

U709 6CA4 

UCL82 50GM8/UCL82 

UU12 6CA4 

VZM70 6X4 

V153 17Z3/PY81 

XCL85 9GV8/XCL85 

XF94 3AU6 

XF183 3EH7/XF183 

XF184 3EJ7/XF184 

XL84 8BQ5 

V741 6C4 

VSM70 6X4 

W17 1T4 

W61, W63 6K7GT 

W147 6K7 

WTT123 6V6,6V6GTA 

WTT124 6AT6 

WTT125 6N7, 6N7GT 

WTT126 50B5 

WTT128 6K8 

XL86 8CW5/XL86 

XL500 13GB5/XL500 

XXA91 3AL5 

XY88 16AQ3/XY88 

Y61, Y64 6U5 

W727 6BA6 

WT210-0006 6H6 

WT210-0007 6L6, 6L6GC 

WT210-0021 6X5GT 

WT210-0028 3Q5GT 

WTT129 6J5,6J5GT 

WTT131 6C6 

WTT135 5U4GB 

X17 1R5 i 

X63 6A8 

YC95 3ER5 

YC97 3GK5 

YCF86 5HG8/LGF86 

YCL180 5BQ7A 

YCL84 10DX8/LCL84 

WT210-0029 6C5 

WT210-0042 5Y3GT 

WT210-0048 5U4GB 

WT210-0060 0Z4A/0Z4 

WT210-0081 6SJ7 

X64 6L7 

X77 6BE6 

X107 18FX6* 

X150 6C10 

X155 6BC8/6BZ8 

YF183 4EH7/LF183 

YF184 4EJ7/LF184 

YL84 10BQ5 

YL86 10CW5/LL86 

Z63 6J7 


* Replacement type may not work In some circuits. 



657 


Replacement Guide—Industrial 

Receiving Types 

How to Use 

This guide was prepared to assist in the selection of current replacement 
types for foreign and domestic industrial receiving tubes. The first column 
lists in numerical-alphabetical sequence the type designation of the industrial 
receiving tube types to be replaced. The next two columns give the RCA 
Replacement Types. The column under the heading “Direct” gives direct 
replacements for the type in the left hand column. The column under the 
heading “Similar” gives the types that are similar in many respects to the 
type to be replaced but which are not directly interchangeable because of 
differences in mechanical and/or electrical characteristics. For more informa¬ 
tion as to the degree of interchangeability of “Similar” types, refer to the 
data for the respective tube types. 

Types replaceable only by themselves are not included. 


Type to be RCA Replacement 


Replaced 

Direct 

Similar 

0A2 

0A2, 0A2WA 
6073, 6073/ 
0A2 

6626/0A2WA 


0A2WA 

0A2WA, 6626/ 

0A2, 6073, 


0A2WA 

6073/0A2 

0A3, 

0A3, 0A3A 


0A3/VR75 

0A3A 

0A3A 

0A3 

0B2 

0B2, 0B2WA 
6074, 6074/ 
0B2 


0B2WA 

0B2WA 

0B2, 6074, 
6074/0B2 

0C3, 

0C3, 0C3A 


OC3/VR105 

0C3A 

0C3A 

0C3 




Kto—mS 






EEEHHHHH 




0G3 

5651A 


1C21 

1C21, 5823 


1F2 

1L4 




2050, 2050A 

1G84 


884 

2C22 


6J5,6J5GT 


Type to be RCA Replacement 


Replaced 

Direct 

Similar 

2C51 

5670 


2D21 

2D21, 5727 


2D21W 

5727 


5R4G, 5R4GTY, 
5R4GY, 
5R4GYA, 
5R4GYB 

5R4GB 

5U4GB 

6AC7W, 

6AC7WA, 

6AC7Y 


6AC7 

6AG5WA 


6AG5 

6AG7Y 


6AG7 

6AH6WA 

6AH6WA 

6AH6 

6AK5W 

5654 

6AK5/EF95 

6AL5W 

5726 

6AL5, 6663/ 

6AL5 

5AQ5W 

6005 

6AQ5A 

6AS6,6AS6W 

5725, 6AS6 


6AS7G 

6AS7G, 6AS7GA, 
6080, 

6080WA 


6AS7GA 

6AS7GA, 6080, 
6080WA 

6AS7G 

6AS7GYB 


6AS7G, 6AS7GA, 
6080, 6080WA 

6AU6WA, 

6AU6WB 

6AU6WB 

6136 
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Type to be RCA Replacement 


Replaced 

Direct 

Similar 

6BA6W 

5749 

6BA6/EF93, 

6660/.6BA6 

6BE6W 

5750 

6BE6 

6CC10 

5692 


6D2 


5726 

6DJ8 

6DJ8/ECC88 

6ES8/ECC189 

6J4 

6J4,8532 


6J4WA 

8532 

6J4 

6J6W, 6J6WA 

6J6WA, 5964, 
6101 

6J6A 

6L6W, 6L6WA, 
6L6WGA, 
6L6WGB, 
6L6WGT, 
6L6Y 


5881, 6L6GC 

6MH1 


6J4 

6RR8, 6RR8C 

5847/404A 


6SA7Y 


6SA7 

6SG7Y 


6SG7 

6SJ7WGT, 

6SJ7Y, 

6SJ7WGTY, 

6SJ7W 

5963 

6SJ7 

6SL7W, 

6SL7WGT 

5691 

6SL7GT 

6SN7GTY, 

6SN7W, 

6SN7WGT, 

6SN7WGTA 

5692 

6SN7GTB 



6V6GTA, 6V6 

6X4W 

6X4W, 6202 

6X4 

6Z31 


6202 

7D11 


6550 

12AT7WA 

12AT7WA, 

12AT7WB 

6201, 6679/ 

12AT7 

12AT7WB 

12AT7WB 

12AT7WA, 6201, 
6679/.12AT7 

12AU7WA 

6189 

6670/12AU7A, 

5814A, 

12AU7A/ECC82 

12AX7WA 

6681/12AX7A 

12AX7A/ECC83 

12E13 


6550 

12SA7Y 


12SA7 

12SG7Y 


12SG7 

12SK7Y 


12SK7 

20A3 


2D21 

25B6G 

5824 


26A6 

26A6 


26A7GT 

26A7GT 


85A3 


5783 

10801 

0B2,0B2WA 

0C3,0C3A 


Type to be RCA Replacement 


Replaced 

Direct 

Similar 

150C1,150C2 

0A2, 0A2WA, 
6073, 
6073/OA2 
6626/OA2WA 


150C3 

0D3, 0D3A 


150C4 

0A2WA, 6073, 
6073/OA2, 
6626/0A2WA 

0A2 

180C1 

0B2, 0B2WA, 
6074, 
6074/OB2 


245 

884 


274A, 274B 

5R4GB 


301A 

83 


310B 


1620 

313C 


1C21 

WMKKtk 


6C6 



1620 

HH 


6F6,6F6GT, 6K6 

mmam 


6X5GT 



1C21 

ni 


5823 





5847/404A 


[mMH 

6AS6 


417A 

5942/417A 


421, 421A 


6AS7G, 6AS7GA, 
6080 

423A 


5651A, 5&51WA 

502A 

2050, 2050A 


630, 630A 

2050, 2050A 




884 

954 


eiiqhhhhhi 

956 





mmmmm 

1217 


5915 

EQEHHI 

5670 


ini 


6C6 

1223 


1620 

1225 


6L7 

1266 


5823 

1267 

0A4G 


1381HQ 

6AK5/EF95, 

5654 


1603 


6C6 

1611 

1621 

6F6,6F6GT 

1612 

1612 

6L7 

1613 

1621 

6F6,6F6GT 

1614 

1614 

6L6,6L6GC 
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Type to be RCA Replacement 

Replaced Direct Similar 


1620 

1620 

6J7 

E9HNHI 

1621 

6F6, 6F6GT 

hh 

1622 

616,6L6GC 

Mi 

1629 

6E5 

1631 


1614,6L6, 6L6GC, 
1622 

1649 


6AC7 

1650 

955 


1655 


6SC7 

1657,1665 


2050, 2050A 

1852 


6AC7 

2013 

6211 


2014 

6197 

6CL6, 6677/6CL6 


2050 

2050A 


2050A 

2050 

2051 

2050 

2050A 

2057/6H6 


6H6 

12AY7 

12AY7 

2Q82/12AY7 

2081, 

2081/6AW8A 

6AW8A 

2081/6AW8A 

2082, 

2082/12AY7 

12AY7 

2082/12AY7 

5590/401B 


5654, 6AK5/EF95 

5591/403B 

5636A 


5636 

5651, 565.1A 

5651A, 5651WA 


5651WA 

5651WA 

5651A 

5654, 

5654 

6AK5/EF95 

5654/6AK5W 

5659 


12A6 

5663 

5663 

5696, 5696A 



5670 

5691 

5691 

6SL7GT 

5692 

5692 

6SN7GTB 

5693 

5693 

6SJ7 

5696 


5696A 

5696A 

5696A 

5696 

5725, 

5725 

6AS6 

5725/6AS6W 

5726/6AL5W 

5726 

6663/6AL5,6AL5 

5727, 

5727 

2D21 

5727/2D21W 

5731 

955 


5734 

5734 


5749, 

5749 

6BA6/EF95 

5749/6BA6W 

SH 

5750 

6BE6 


5751 

6681/12AX7A 


Type to be RCA Replacement 

Replaced Direct Similar 


5751 WA 


5751,6681/ 

12AX7A 

5812 


5763 

5814, 5814A 

5814A 

12AU7A/EC.C82, 

6189 

5814WA 


5814A, 6189 

5840, 5840A, 

5840W 

5840 

5840W 

5842, 5842/. 

5842/417A 


417A 

>'y 


5964,6J6A 

Emh 


6V6GT 

5881 

5881 

6L6GC 

5897 

5718 


5899, 5899A, 

5899 


5900 

5901 

5840W 

5915 



1U4 

5915,5915A 

5915 




5964, 6J6A, 6101 

5931 


5U4GB 

5932 


7027A 

5963 

5963 

5814A, 

12AU7A/ECC82, 

6680/12AU7A 

5964 

5964 

6J6WA, 6101 

5965A 


5965 

5992 


6V6GTA 

6005,6005/ 

6005 


6AQ5W, 

6005/ 

6AQ5W/ 

6095 

6012 

6012 

5727 

6028,6028/ 

408A 


408A 



5726,6AL5 



6201 

IHBi 


5763 

^mmmi 


6X4W 

6067 


mm 

6072 

6072,6072A 

12AY7, 


2082/12AY7 

6072A 

6072A 

12AY7, 

2082/12AY7, 

6072 

6073,6073/ 

6073,6626/ 

0A2, 0A2WA 

0A2 

0A2WA, 

6073/ 

0A2 
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Type to be RCA Replacement 


Replaced 

Direct 

Similar 

6074,6074/ 
0B2 

6074,6074/ 

0B2 

082, 0B2WA 


6080,6080WA 

6AS7G, 6AS7GA 

wm 


6080,6AS7G, 

6AS7GA 

mmmm 

6082,6082A 




6082 



5879 

6085 


5962, 6SN7GTB 



5Y3GT 



6005, 6AQ5A 

6095 

6005 

6AQ5A 



5654, 

6AK5/EF95 

6097 


5726, 6AL5, 
6663/6AL5 

6099 


5964, 6101, 6J6WA 

6100 


6C4 

6101,6101/ 

6J6WA 

6101 

5964,6J6WA 

6106 


5Y3GT 

6113 


6SL7GT 

6134 


6AC7 

6135 


6C4 

6136 

6136 

6AU6WB 

6140/423A 


5651A 

6180 


5692, 6SN7GTB 

6186,6186/ 
6AG5WA 


6AG5 

6187 

6AS6 

5725 

6189,6189/ 
12AU7WA 

6189 

5814A, 5963, 
12AU7A/ECC82, 
6680/12AU7A 

6197 

6197 

6CL6,6677/ 

6CL6 

6201 

6201 

12AT7WA, 

12AT7WB, 
6679/12AT7 

6202 

6202 

6X4W 

6211A 


6211 

6336,6336A, 
6337 

6336A 



6360, 6360A 



6360A 

6360 

6385 


5670 

6394 


6082 

6414 


5965 

6417 

6417 

7551 

6486,6486A 


5725,6AS6 

6520 


6AS7G, 6AS7GA 


Type to be RCA Replacement 


Replaced 

Direct 

Similar 

6550 

6550 

7027A 

HHH 

6626/0A2WA 

mam 

6627 



6660/6 BA6, 

6660 

6660/6BA6 

5749, 6BA6/EF93 

6661/6BH6, 

6661 

6661/6BH6 

6BH6 

6662/6BJ6, 

6662 

6662/6BJ6 

6BJ6 

6663/6AL5, 
6663 


5726,6AL5 

6664/6AB4, 

6664 

6664/6AB4 

6AB4 

6669/6AQ5A, 

6669 

6669/6AQ5A 

6005, 6AQ5A 

6676/6CB6A, 

6676 

6676/6CB6A 

6CB6A/6CF6 

6677/6CL6, 

6677 

6677/6CL6, 

6197 

6CL6 

6678/6U8A, 

6678 



6679/12AT7, 

6679 

6679/12AT7 

12AT7WA, 

12AT7WB 

6680/12AU7A, 

6680 

6680/12AU7A 

12AU7A/ECC82 

6681/12AX7A, 

6681 

6681/12AX7A 

12AX7A/ECC83 

6687 


5915 

6829 


5965 

6853 


5Y3GT 

6922/E88CC, 

6922 

6922/E88CC 


6968 


6AK5/EF95 




7025, 7025A 

7025 

12AX7A/ECC83 

7036 


5915 

7054 

7054,8077/ 
7054 

j 

7062 


5965 j 

7105 


6080, 6080WA, 
6AS7Gi 

6AS7GA 

7184 


6V6,6V6GTA 

7244,7244A 


5964,6101, 

6J6WA 

7245,7245A 


6J4,8532 

7318 


5814A, 


►inn, 

6680/12AU7A, 

12AU7A/ECC82 
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Type to be RCA Replacement 


Replaced 

Direct 

Similar 

7370 


5687 

7494 


12AX7A/ECC83, 

6681/12AX7A 

7543 


6AU6WB 

7645 

6939 


7700 


6C6 

7701 


7551 

7717 


6CY5 

7724 


14GT8 

7728 

6201 




6681/12AX7A, 

12AX7A/ECC83 

7730 


iiisni 




7732 


6CB6A/6CF6 

7733 


12BY7A/12BV7/ 

12DQ7 

7752 


6AS6 

8016 

1G3GTA/1B3GT 


8077,8077/ 
7054 

8077/7054 

7054 

8136 

8136 

6DK6 

8162 

12AT7WA 

12AT7/ECC81 

8196 

5754 

6AS6 

8203 

8203 



5727 

2D21 

8380 

7587 


8382 

7586 


8441 

7895 


8532,8532/ 

6J4WA 

8532 

6J4 

8556 



8627 

8627 

8627A 

8627A 

8627A 

8627 

A1834 

6080, 6080W 

6AS7G, 6AS7GA 

AA91E 

5726 

6AL5, 6663/ 

6AL5 


12A6 


AG5210 

0B2,0B2WA, 
6074, 
6074/0B2. 


AG5211 

0A2, 0A2WA, 

6073, 6073/OA2 

6626/0A2WA 

ASG512, 

ASG5121 

2D21, 5727 


B339 


5751, 6681/ 

12AX7A 


Type to be RCA Replacement 


Replaced 

Direct 

Similar 

B739 


6679/12AT7, 

12AT7WA 

B749 


5814,6189, 
6680/12AU7A 

B759 


5751 

BA2 


2050 

CC81E 

12AT7WA, 

6679/12AT7, 


12AT7WB, 

6201 

12AT7/ECC81 

CCa 

6922/E88CC 


CV216 

0D3, 0D3A 


CV618 


83 

CV686 

0C3, 0C3A 


CV752 

0A4G 


CV797 

2D21, 5727 


CV807 

3A4 


CV1758 

1L4 


CV1832 

0A2, 

0A2WA, 6073, 

6073/OA2, 

6626/0A2WA 

CV1833 

BBii 


CV1834 





iati 



•kbr 

B9H 




3B4WA 

3H 

5642 



3A4 


Hawaii 

6939 


Hi 

6922/E88CC 


mm 

6AS6, 5725 


3HH 

5651A, 5751WA 


mm 

5842/417A 


CV2742, 

CV2795 

1L4 


CV2876 

5727 

2D21 

CV2984 



CV3508 

6201 

HIM 


5696, 5696A 



5842/417A 


jKBI 

0A3,0A3A 



5636 

5840W 


5718 



6021 



5749 

6BA6/EF93 


5725 

6AS6 
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Type to be 
Replaced 

RCA Replacement 

Direct Similar 

Type to be 
Replaced 

RCA Replacement 

Direct Similar 

CV4017 

5751 

6681/12AX7A, 

E810F 


7788 



12AX7A/ECC83 

E1955 

2D21, 5727 


CV4018 

5727 

2D21 


5726 


CV4020 

0A2WA 

0A2 





6AU6WB 



5718 



12AT7WA, 



6021 



12AT7WB 



6DJ8/ECC88 



5726 




6101 

mm 




6080, 6080WA 

6AS7G, 6AS7GA 



m 

6201 


m 


6J6WA 


an 

6189 

6680/12AU7A, 

12AU7A/EGC82 


5763 



5651 A, 5651WA 


EF71 

5899 






5840W 





5749, 6660/6 BA6 



bbhi 




6136 




5654 

6AK5/EF95 

CV5122 

5823 




5636 


CV5186 

5651A, 5651WA 





5899 


CV5212 

6201 

H|H 




5840 





5654 

6AK5/EF95 



5726 



5915 



6977 



5750 

D77, D152, 

- 

5726 



5881,6L6GC 

D717 




2050, 2050A 


DCC90 

3A5 


HH 

2D21, 5727 


DD6, DD6G 


5726 

EN92 

5696, 5696A 


DD77 

5726 




6202 

DF92 

1L4 


Imim 


0A2 

DL93 

3A4 


375/2D 


0A3 

DL98 


3B4WA 



0C3 


5654 


liiirfiTiM 


0D3 

humm 

5642 


KeTCniflHl 


5696, 5696A 

E55L 


8233 


884 


E81CC 

6201,12AT7WA 6679/12AT7, 

12AT7/ECC81 

Wm 

■mu 


E81L 







5814A, 6189 

6680/12AU7A 




12AU7A/ECC82 

mmm 

ftoKWjMMM 


E83CC 


6681/12AX7A 

12AX7A/ECC83 


IHH 


E88CC 

6922/E88CC 


pH 


5750 

E91AA 

5726 

6AL5,6663/6AL5 



0A3 

E91H 


5915 

KH 

063, 0C3A 


E91N 

5727 

2D21 

|H 

0D3,0D3A 


E95F 

5654 

6AK5/EF95 

KT66 


5881 



6688A 

KT88 


6550 


IB 

5726 

6663/.6AL5, 

6AL5 

E182F 

5847/404A 


E188CC 


7308 

1 M8081 

6101 

6J6WA 
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Type to be RCA Replacement 


Replaced 

Direct 

Similar 


5763 



565JA 



5654 

6AK5/EF95 

M8101 


5749, 6660/6BA6 

M8136 

6189/.12AU7WA 12AU7A/ECC82, 
5814 

M8137 


5751 

M8138 


6202 

M8162 

6201 

6679/12AT7 

M8180 

5654 

6AK5/EF95 

M8190 


5783 

M8196 


5725 

M8204 


5727 

M8212 

5726, 

6663/6AL5 

6AL5 

M8223 

0A2WA, 

0A2, 6073, 


6627/0A2WA 

6073/0A2 

M8824 

0B2WA 

0B2, 6074, 
6074/0B2 

M8245 

6005 

6AQ5A 

ME1501 

2050 


NE48 

991 


PL21 

5727 

2D21 

PL1267 


0A4G 

PM04 


5749 

PM05 

5654 

6AK5/EF95 

QA2404 


5726 

QA2408 

5692 

6SN7GTB 

QE03/10, 

5763 


QV03-12 

QM556 


6X4W 

QQEQ2/5, 

6939 


QQV02-6 

QS150/40 

0D3, 0D3A 


QS150C1, 

0A2, 0A2WA, 


QS150C2 

6073, 

6073/OA2, 

6626/0A2WA 


QS150C3 

0D3, 0D3A 


QS1205 

0A3, 0A3A 


QS12Q6 

0C3, 0C3A 


QS1207 

0A2, 0A2WA, 
€073, 
6073/OA2, 
6626/0A2WA 


QS1208 

0B2, 0B2WA, 
6074, 
6074/OB2 


QS1210 

0A2WA, 

0A2,6073, 


6626/0A2WA 

6073/OA2 


Type to be RCA Replacement 

Replaced Direct Similar 


QS1211 

0B2WA 

0B2, 6074, 

6074/0B2 

QS2406 

6201 

12AT7WA, 

12AT7WB, 

6679/12AT7 

QS2404 

5726 

6AL5 


,6201 

12AT7WA, 

12AT7WB 

RL21 

2D21, 5727 


RL1267 

0A4G 


S856 

0A2, 0A2WA, 
6073/0A2, 
6626/0A2WA 


S860 

0B2, 0B2W, 
6074, 
6074/OB2 


STV85/10 

5651A 


STV108/30 

0B2, 0B2WA, 
6074, 
6074/OB2 


STV150/30 

0A2WA, 6627/ 
0A2WA, 6073, 
6073/0A2 

0A2 





8005 


T66G-GT, 


884 

TY66G 

U78 



VR75 

0A3, 0A3A 


Hi 

0C3, 0C3A 


hdhH 

0D3, 0D3A 


VR150W 

VT83 


83 


1629 

6E5 


0D3, 0D3A 


m 

9002 x 


Bi 

9003 


HHH 


5749 

nm 

2050 



WT6 

1614 

6L6, 6L6GC 

WT210-0001 

2021, 5727 


WT210-0003 

884 


WT210-0004 

2050 

2050A 



6H6 



inmni—i 

WT210-0011 

0C3, 0C3A 


WT210-0018 

003, 003A 


WT210-0019 

83 




6X5GT 


WT210-0028 3Q5GT 
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Type to be 
Replaced 


WT210-0029 


RCA Replacement 
Direct Similar 



WT210-3000 


2D21, 5727, 
5727/2D21W 


















Nuvistor Cutaway Views 
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Single-ended 

Type 


Double-ended 

Type 



Cutaway Views of Typical Nuvistor Triodes 
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PICTURE TUBE CHARACTERISTICS CHART 

_ Color Picture Tubes _ 

Range of 


Type 

No. 

Enve¬ 

lope 

Code 

• 

Safety 

Fea¬ 

ture 

★ 

Nom. 

Deflec¬ 

tion 

Angle Heater 
Degrees Volts/mA 

Max. 

Anode 

Voltage 

kV* 

Focus Voltage 
in Volts or 
% of 

Anode 

Voltage 

Range of 

G2 Voltage 
at G1 = 
—150 V 
Volts 

Screen 

Diag. 

Inches 

Termi¬ 

nal 

Diagram 

▲ 

14VAHP22 h 

SGA 

H 

90 

6.3/900 

22.5 

—75 V — +400V 9 

150-390* 

13.557 

14BH 

14VALP22 h 

SGA 

M 

90 

6.3/900 

22.5 

—75V - +400V 9 

150 - 390* 

13.557 

14BH 

15AEP22 0 

SGA 

M 

90 

6.3/900 

22.5 

-75V-+400V 9 

150 - 390* 

13.557 

14BH 

15LP22 C 

SGAT 

D 

90 

6.3/900 

22.5 

—75 V — +400V 9 

150 - 390* 

13.557 

14BH 

15NP22 C 

SGA 

H 

90 

6.3/900 

22.5 

—75V — +400V 9 

150 -390* 

13.557 

14BH 

15VADTC01 hp SGA 

H 

90 

6.3/900 

27.5 

16.8-20.0 

425 - 820 

15.051 

13D 

15VAETC01 hmp SGA 

H 

90 

6.3/900 

d27.5 

16.8-20.0 

425 -820 

15.051 

13D 

1SVACP22 b 

SGA 

H 

90 

6.3/900 

22.5 

-75V - -H00V 9 

165 - 420* 

16.191 

14BH 

17EZP22 0 

SGA 

H 

90 

6.3/900 

22.5 

-75V-+400V 9 

150 - 390* 

16.191 

14BH 

17VACP22 h 

SGA 

F 

90 

6.3/900 

22.5 

-75V-+400V 9 

150 - 385* 

17.018 

14BH 

17VADP22 hm 

SGA 

F 

90 

6.3/900 

22.5 

-75 V- +400V 9 

150 - 385* 

17.018 

14BH 

17VARP22 hm 

SGA 

F 

90 

6.3/900 

27.5 

16.8-20.0 

255 - 655 

17.018 

14BE 

17VAYTC01 bmp SGA 

F 

90 

6.3/900 

d27.5 

16.8 - 20.0 

425 - 820 

17.018 

13D 

18VAHP22 b 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

18.075 

14BE 

18VAZP22 h 

SGA 

F 

90 

6.3/900 

22.5 

-75V - +400V 9 

150 - 390* 

18.075 

14BH 

18VBDP22 b 

SGA 

F 

90 

6.3/900 

22.5 

-75V - +400V 9 

150 - 

- 390* 

18.075 

14BH 

18VBGP22 h 

SGAT 

D 

90 

6.3/900 

22.5 

-75V-+400V 9 

150 - 390* 

18.075 

14BH 

18VBJP22 h 

SGA 

K 

90 

6.3/900 

22.5 

-75V - +400V 9 

285 - 685 

18.075 

14BH 

18VBKP22 hm 

19GVP22/ 

19EXP22 C 

SGA 

F 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

18.075 

14BE 

SGA 

A 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

18.075 

14BE 

19GWP22/ 

19EYP22 C 

19HCP22/ 

19HKP22 0 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

18.075 

14BE 

SGA 

F 

90 

6.3/900 

27.5 

16.8-20.0 

285- 685 

18.075 

14BE 

19HNP22 C 

SGA 

F 

90 

6.3/900 

22.5 

-75V - +400V 9 

150 - 

- 390* 

18.075 

14BH 

19JWP22 C 

SGAT 

D 

90 

6.3/900 

22.5 

-75V - +400V 9 

150- 

-390* 

18.075 

14BH 

19VABP22 h 

RGAT 

D 

70 

6.3/1800 

27.5 

16.8-20.0 

310 - 690 

19.250 

14AU 

19VANP22 h 

SGA 

F 

90 

6.3/900 

22.5 

-75V - +400V 9 

150 - 390* 

18.897 

14BH 

19VBLP22 1 ’ 

SGA 

F 

110 

6.3/900 

27.5 

16.8-20.0 

265 - 665 

18.897 

13C 

19VB0P22 1 "" 

SGA 

F 

90 

6.3/900 

22.5 

-75V - +400V 9 

150 - 375* 

18.897 

14BH 

19VBRP22'" 

SGA 

F 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 

-685 

18.897 

14BE 

19VCTP22'” 

SGA 

F 

90 

6.3/900 

27.5 

16.8-20.0 

260 - 660 

18.897 

14BE 

19VDSP22 hm 

SGA 

F 

90 

6.3/900 

d27.5 

16.8 - 20.0 

260 - 660 

18.897 

14BE 

19VDTP22 h 

SGA 

F 

90 

6.3/900 

d27.5 

16.8-20.0 

260 - 660 

18.897 

14BE 

19VEDP22 hm 

SGA 

F 

90 

6.3/900 

d32.0 

16.8-20.0 

250 - 645 

18.897 

14BE 

1WEUP22 h 

SGA 

F 

90 

6.3/900 

d32.0 

16.8-20.0 

250 - 645 

18.897 

14BE 

20VAGP22 h 

SGAT 

D 

90 

6.3/900 

‘27.5 

16.8 - 20.0 

285 - 685 

20.233 

14BE 

20VAHP22" 

SGA 

F 

90 

6.3/900 

22.5 

-75V - +400V 9 

150 -390* 

20.233 

14BH 

21FJP22' 

RGAT 

D 

70 

6.3/1800 

27.5 

16.8-20.0 

310 ~ 690 

19.250 

14AU 

21GUP22/ 

2IFBP22A 0 

RGA 

A 

70 

6.3/1900 

27.5 

16.8-20.0 

310 - 690 

19.250 

14AU 

21GVP22/ 

21FJP22A' 

RGAT 

D 

70 

6.3/1900 

27.5 

16.8-20.0 

310 - 690 

19.250 

14AU 

21VAKP22 B " 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 

-685 

20.871 

14BE 

21VAMP22 C 

SGAT 

D 

90 

6.3/900 

27.5 

16.8 - 20.0 

285 -685 

20.871 

14BE 

21YBEP22 h 

SGA 

F 

90 

6.3/900 

d32.0 

16.8-20.0 

250 - 645 

20 871 

14BE 

22JP22 C 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

20.233 

14BE 

22KP22 C 

SGA 

A 

90 

6.3/900 

27.5 

16.8 - 20.0 

285- 685 

20.233 

14BE 

22UP22 C 

SGA 

F 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

20.233 

14BE 
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Color Picture Tubes (Cont.) 


Type 

No. 

Enve¬ 

lope 

Code 

• 

Safety 

Fea¬ 

ture 

★ 

Nom. 

Deflec¬ 

tion 

Angle Heater 
Degrees Volts/mA 

Max. 

Anede 

Voltage 

kV* 

Range of 

Focus Voltage 
in Volts or 
%of 

Anode 

Voltage 

Range of 
at G1 = 
-150 V 
Volts 

Screen 

Diag. 

Inches 

Termi¬ 

nal 

Diagram 

▲ 

23VALP22 bm 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

260 - 660 

22.995 

14BE 

23VANP22 b 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

260 - 660 

22.995 

14BE 

23VAQP22 C 

SGA 

F 

90 

6.3/900 

27.5 

16.8-20.0 

260 - 660 

22.995 

14BE 

25BCP22 cm 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

260 - 660 

22.995 

14BE 

25VARP22 cm 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

260 - 660 

24.658 

14BE 

25VAEP22 0 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.9 

260 - 660 

24.658 

14BE 

25VAMP22 cm 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

250-650 

24.658 

14BE 

25VBEP22 hm 

SGA 

K 

90 

6.3/900 

27.5 

16.8 - 20.0 

285 - 685 

24.658 

14BE 

25VCKP22 cm 

SGAT 

D 

90 

6.3/900 

d32.0 

16.8-20.0 

250 - 645 

24.658 

14BE 

25VCZP22 hm 

SGA 

F 

90 

6.3/900 

d32.0 

16.8 - 20.0 

295 -680 

24.658 

14BE 

25VDXP22 hm 

SGA 

D 

90 

6.3/900 

d32.0 

16.8-20.0 

250 -645 

24.658 

14BE 

25XP22/ 










25AP22A C 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

22.995 

14BE 

25YP22/ 










25BP22A C 

SGA 

A 

90 

6.3/900 

27.5 

16.8-20.0 

285 - 685 

22.995 

14BE 


Color Test Picture Tube 

1830P22 

SGAT 

D 

90 

6.3/900 

27.5 

16.8-20.0 

285-685 

18.075 

14BE 

1895P22 

SGAT 

D 

90 

6.3/900 

d32.0 

16.8-20.0 

260 - 660 

18.075 

14BE 


Silverama* Types for Black-and-White TV 


Type 

No. 

Enve¬ 

lope 

Code 

• 

Safety 

Fea¬ 

ture 

★ 

Nom. 

Deflec¬ 

tion 

Angle Heater 
Degrees Volts/mA 

Focus¬ 

ing 

Method 

■ 

Design 

Max. 

Anode 

Voltage 

kV 

Typical 

G2 

Voltage 

Volts 

Screen 

Diag. 

Inches 

Max. 

Over¬ 

all 

Length 

Inches 

Termi¬ 

nal 

Diagram 

▲ 

5YABP4 

SGA 

A 

70 

12.0/79 

E 

15.0 

115 

5.036 

7.550 

7GR 

8DP4t 

SG 

A 

90 

6.3/600 

E 

9.0 

200 

7.750 

10.750 

12AB 

9AEP4 

SGA 

F 

85 

6.3/450 

E 

15.0 

100 

9.024 

8.700 

7GR 

9YABP4 

SGA 

F 

85 

6.3/450 

E 

15.0 

140 

9.024 

8.700 

7GR 

9VAJP4 

SGA 

H 

90 

1.1.0/140 

E 

15.0 

90 

9.000 

8.700 

7GR 

9WP4 

SGA 

G 

90 

12.0/75 

E 

12.0 

100 

8.270 

8.270 

7GR 

1QATP4 

SGA 

F 

85 

6.3/300 

E 

15.0 

140 

9.024 

8.700 

7GR 

10AVP4 

SGA 

F 

85 

12.0/79 

E 

15.0 

90 

9.024 

8.700 

7GR 

11CP4 

SGA 

A 

110 

6.3/450 

E 

15.0 

400 

10.125 

9.188 

8HR 

11GP4 

SGA 

C 

no 

6.3/450 

E 

15.0 

135 

10.188 

9.188 

8HR 

12BNP4A 

SGA 

J 

no 

6.3/450 

E 

16.0 

250 

11.625 

9.598 

8HR 

12DEP4 

SGA 

F 

no 

6.3/450 

E 

15.0 

100 

11.625 

9.690 

7GR 

12DFP4 

SGA 

H 

no 

6.3/450 

E 

15.0 

200 

11.620 

9.060 

7GR 

12DKP4 

SGA 

F 

no 

6.3/450 

E 

16.0 

140 

11.625 

9.374 

7GR 

12DSP4 

SGA 

H 

no 

6.3/300 

E 

15.0 

140 

11.625 

9.274 

7GR 

12VAGP4 

SGA 

G 

no 

6.3/300 

E 

14.0 

200 

11.500 

9.530 

7GR 

12VAQP4 

SGA 

G 

no 

4.2/450 

E 

15.0 

140 

11.500 

9.530 

7GR 

12VAWP4 

SGA 

J 

no 

6.3/450 

E 

15.0 

130 

11.500 

9.53 

7GR 

12VAXP4 

SGA 

J 

no 

11.0/82 

E 

14.0 

150 

11.500 

9.530 

7GR 

12YBNP4 

SGA 

H 

90 

11.0/140 

E 

15.0 

90 

11.500 

11.125 

7GR 


A Terminal diagrams for RCA picture tubes are shown on pages 672 and 673. 
For SAFETY PRECAUTIONS and NOTES refer to page 670. 
t Requires ION trap. 
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Silverama a Types for Black-and-White TV (Cont.) 


Type 

No. 

Enve¬ 

lope 

Code 

• 

Safety 

Fea¬ 

ture 

★ 

Nom. 

Deflec¬ 

tion 

Angle Heater 
Degrees Volts/mA 

Focus¬ 

ing 

Method 

■ 

Design 

Max. 

Anode 

Voltage 

kV 

Typical 

G2 

Voltage 

Volts 

Screen 

Diag. 

Inches 

Max. 

Over¬ 

all 

Length 

Inches 

Termi¬ 

nal 

Diagram 

▲ 

15VACP4 

SGA 

H 

114 

6.3/450 

E 

20.0 

30 

14.875 

10.811 

8HR 

16CMP4A 

SGA 

G 

114 

6.3/450 

E 

18.0 

300 

14.875 

10.811 

8HR 

16RP4B 

SGA 

A 

70 

6.3/600 

M 

17.5 

300 

14.875 

19.125 

12N 

16VAGP4 

SGA 

H 

114 

6.3/450 

E 

20.0 

30 

16.250 

11.445 

8HR 

16VBYP4 

SGA 

F 

114 

11.0/140 

E 

22.0 

130 

16.250 

11.450 

8HR 

17BP4D 

SGA 

A 

70 

6.3/600 

M 

17.5 

300 

15.562 

19.562 

12N 

17CFP4 

SGA 

A 

90 

6.3/600 

E 

17.5 

300 

15.750 

14.375 

12L 

17DQP4 

SGA 

A 

110 

6.3/450 

E 

17.5 

50 

15.750 

12.375 

7FA 

17DRP4 

SGA 

A 

110 

2.68/450 

E 

17.5 

300 

15.750 

11.000 

8JK 

17LP4B 

SGCA 

A 

70 

6.3/600 

E 

17.5 

300 

15.562 

19.562 

12L 

17QP4B 

SGCA 

A 

70 

6.3/600 

M 

20.0 

300 

15.562 

19.562 

12N 

18VAUP4 

SGA 

F 

114 

6.3/450 

E 

23.5 

30 

17.562 

11.875 

8HR 

19ABP4 

SGA 

A 

114 

2.68/450 

E 

20.0 

300 

17.562 

11.125 

8JK 

19AFP4 

SGA 

B 

114 

6.3/600 

E 

20.0 

300 

17.625 

11.938 

8HR 

19AJP4 

SGA 

A 

114 

6.3/450 

E 

20.0 

50 

17.562 

11.625 

7 FA 

19AVP4 

SGA 

A 

114 

6.3/600 

E 

23.0 

400 

17.562 

11.625 

8HR 

19AYP4 

SGA 

A 

114 

6.3/450 

E 

23.0 

400 

17.562 

11.625 

8HR 

19BDP4 

SGA 

A 

92 

6.3/600 

E 

19.8 

50 

17.562 

15.625 

12L 

19CHP4 

SGA 

A 

114 

6.3/600 

E 

20.0 

50 

17.562 

11.875 

8HR 

19CMP4 

SGA 

A 

114 

6.3/450 

E 

20.0 

30 

17.562 

11.875 

8HR 

19CVP4 

SGA 

B 

114 

6.3/450 

E 

23.0 

50 

17.625 

11.938 

8HR 

19CXP4 

SGA 

A 

114 

6.3/600 

E 

20.0 

45 

17.562 

11.875 

7FA 

19DBP4 

SGA 

D 

114 

6.3/450 

E 

19.8 

40 

17.562 

12.125 

7FA 

19DQP4 

SGA 

G 

114 

6.3/450 

E 

23.0 

300 

17.562 

11.875 

8HR 

19DRP4 

SGA 

G 

114 

6.3/600 

E 

23.0 

300 

17.562 

11.875 

8HR 

19DSP4 

SGA 

G 

114 

6.3/600 

E 

20.0 

50 

17.562 

11.875 

8HR 

19DUP4 

SGA 

F 

114 

6.3/450 

E 

22.0 

50 

17.562 

11.969 

8HR 

19EBP4 

SGA 

C 

114 

6.3/600 

E 

23.0 

400 

17.562 

11.875 

8HR 

19EGP4 

SGA 

C 

114 

6.3/450 

E 

21.0 

50 

17.562 

11.875 

8HR 

19EZP4 

SGA 

C 

114 

6.3/450 

E 

19.8 

45 

17.562 

11.875 

7FA 

19FLP4 

SGA 

G 

114 

6.3/450 

E 

23.0 

300 

17.562 

11.625 

8HR 

19GAP4 

SGA 

C 

114 

6.3/450 

E 

19.8 

400 

17.562 

11.875 

8HR 

19GEP4A 

SGA 

L 

114 

6.3/450 

E 

23.0 

300 

17.562 

11.875 

8HR 

19VAHP4 

SGA 

H 

114 

6.3/450 

E 

23.0 

30 

18.625 

12.519 

8HR 

19VAJP4 

SGA 

H 

114 

9.45/300 

E 

23.0 

30 

18.625 

12.519 

8HR 

19VALP4 

SGA 

C 

114 

6.3/450 

E 

23.0 

300 

18.625 

12.519 

8HR 

19VFEP4 

SGA 

F 

114 

11.0/140 

E 

23.0 

130 

18.625 

12.644 

8HR 

20RP4 

SGA 

F 

114 

6.3/450 

E 

22.0 

50 

18.625 

12.613 

8HR 

20VAQP4 

SGA 

F 

114 

6.3/450 

E 

23.5 

30 

19.625 

12.937 

8HR 

21AMP4B 

SGA 

A 

90 

6.3/600 

M 

20.0 

300 

20.250 

20.375 

12N 

21AVP4C 

SGA 

A 

72 

6.3/600 

E 

22.0 

300 

20.250 

23.406 

12L 

21AWP4A 

SGA 

A 

72 

6.3/600 

M 

20.0 

400 

20.250 

23.406 

12N 

21CBP4A 

SGA 

A 

90 

6.3/600 

E 

22.0 

300 

20.250 

18.375 

12L 

21CQP4 

SGA 

A 

110 

6.3/600 

E 

20.0 

300 

20.250 

14.812 

7FA 

21DLP4 

SGA 

A 

90 

6.3/600 

E 

22.0 

300 

20.250 

17.375 

12L 

21DSP4 

SGA 

A 

90 

6.3/600 

E 

22.0 

50 

20.250 

18.375 

12L 

21EMP4/ 

21EQP4 

SGA 

A 

110 

6.3/600 

E 

20.0 

500 

20.250 

13.440 

8HR 

21EP4C 

SGCA 

A 

70 

6.3/600 

M 

20.0 

300 

20.000 

23.406 

12N 

21FDP4 

SGA 

A 

110 

6.3/600 

E 

20.0 

300 

20.250 

13.375 

8KW 

21FP4B 

SGCA 

A 

70 

6.3/600 

E 

20.0 

300 

20.000 

23.406 

12L 
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Silverama* 

Types for Black-and-White TV (Cont.) 


Type 

No. 

Enve¬ 

lope 

Code 

• 

Safety 

Fea¬ 

ture 

★ 

Nom. 

Deflec¬ 

tion 

Angle Heater 
Degrees Volts/mA 

Focus¬ 

ing 

Method 

■ 

Design 

Max. 

Anode 

Voltage 

kV 

Typical 

G2 

Voltage 

Volts 

Screen 

Diag. 

Inches 

Max. 

Over¬ 

all 

Length 

Inches 

Termi¬ 

nal 

Diagram 

▲ 

21FVP4 

SGA 

G 

114 

6.3/450 

E 

23.0 

400 

19.625 

12.937 

8HR 

21GAP4A 

SGA 

G 

114 

6.3/450 

E 

23.5 

30 

19.625 

12.937 

8HR 

21WP4B 

SGA 

A 

70 

6.3/600 

M 

20.0 

300 

19.250 

22.812 

12N 

21XP4B 

SGA 

A 

70 

6.3/600 

E 

20.0 

300 

19.250 

22.812 

12L 

21YP4B 

SGA 

A 

70 

6.3/600 

E 

20.0 

300 

20.000 

23.406 

12L 

21ZP4C 

SGA 

A 

70 

6.3/600 

M 

20.0 

300 

20.000 

23.406 

12N 

22VABP4 

SGA 

F 

110 

6.3/450 

E 

23.5 

30 

22.312 

14.406 

8HR 

22VACP4 

SGAT 

D 

110 

6.3/450 

E 

23.0 

30 

22.312 

14.594 

8HR 

22VADP4 

SGA 

C 

92 

6.3/450 

E 

25.0 

400 

22.312 

18.375 

12L 

22VAEP4 

SGA 

K 

110 

6.3/450 

E 

23.0 

300 

22.312 

15.156 

8HR 

23AHP4/ 

23ASP4 

SGA 

A 

92 

6.3/600 

E 

22.0 

400 

22.312 

17.875 

12L 

23ARP4 

SGA 

A 

110 

6.3/600 

E 

22.0 

400 

22.312 

15.156 

8HR 

23BGP4 

SGA 

B 

110 

6.3/600 

E 

22.0 

50 

22.312 

15.562 

8HR 

23BJP4 

SGA 

A 

92 

6.3/600 

E 

25.0 

50 

22.312 

18.500 

12L 

23BKP4 

SGA 

B 

92 

6.3/600 

E 

25.0 

50 

22.312 

18.875 

12L 

23BQP4 

SGA 

B 

110 

6.3/450 

E 

23.0 

300 

22.312 

15.562 

8HR 

23CGP4 

SGA 

A 

92 

6.3/450 

E 

22.0 

500 

22.312 

18.375 

12L 

23CP4 

SGA 

B 

no 

6.3/600 

E 

22.0 

400 

22.312 

15.562 

8HR 

23GP4A 

SGA 

B 

no 

6.3/600 

E 

23.5 

300 

22.312 

15.562 

8HR 

23CQP4 

SGA 

A 

114 

6.3/450 

E 

23.5 

500 

22.312 

14.000 

8HR 

23DAP4 

SGA 

A 

94 

6.3/600 

E 

23.0 

50 

22.312 

17.391 

8HR 

23DBP4 

SGA 

A 

no 

6.3/600 

E 

22.0 

50 

22.312 

15.156 

8HR 

23EKP4 

SGA 

G 

92 

6.3/450 

E 

25.0 

400 

22.312 

18.375 

12L 

23ENP4 

SGA 

G 

92 

6.3/600 

E 

25.0 

50 

22.312 

18.500 

12L 

23EP4 

SGA 

B 

no 

6.3/600 

E 

22.0 

50 

22.312 

15.562 

8KP 

23ETP4 

SGA 

G 

no 

6.3/600 

E 

23.0 

300 

22.312 

15.156 

8HR 

23EWP4A 

SGA 

F 

114 

6.3/450 

E 

22.0 

400 

22.312 

14.812 

8HR 

23EYP4 

SGA 

C 

92 

6.3/600 

E 

25.0 

35 

22.312 

18.500 

12L 

23EZP4 

SGA 

K 

94 

6.3/450 

E 

23.5 

50 

22.312 

17.390 

8HR 

23FP4A 

SGA 

A 

114 

6.3/600 

E 

23.5 

500 

22.312 

14.062 

8HR 

23FRP4 

SGA 

C 

no 

6.3/450 

E 

23.0 

50 

22.312 

14.500 

8HR 

23FSP4 

SGA 

C 

no 

6.3/600 

E 

23.0 

400 

22.312 

15.125 

8HR 

23GWP4 

SGA 

F 

no 

6.3/450 

E 

22.0 

50 

22.312 

14.781 

8HR 

23HFP4A 

SGA 

G 

no 

6.3/450 

E 

23.0 

300 

22.312 

15.156 

8HR 

23HWP4A 

SGA 

L 

no 

6.3/450 

E 

22.0 

50 

22.312 

15.156 

8HR 

23JEP4 

SGA 

K 

no 

6.3/450 

E 

23.0 

300 

22.312 

15.156 

8HR 

23JP4 

SGA 

B 

no 

6.3/450 

E 

22.0 

50 

22.312 

15.875 

7FA 

23NP4 

SGA 

A 

114 

6.3/600 

E 

22.0 

50 

22.312 

14.812 

8HR 

23YP4 

SGA 

B 

92 

6.3/600 

E 

22.0 

300 

22.312 

18.750 

12L 

24AEP4 

SGA 

A 

90 

6.3/600 

E 

22.0 

300 

22.812 

19.500 

12L 

24AHP4 

SGA 

A 

no 

6.3/600 

E 

22.0 

400 

22.812 

16.188 

8HR 

24AUP4 

SGA 

A 

90 

6.3/600 

E 

22.0 

300 

22.812 

18.500 

12L 

24CP4B 

SGA 

A 

90 

6.3/600 

M 

22.0 

300 

22.812 

21.500 

12N 



Black-and-White Test 

Picture Tube 


8XP4 

SGA A 90 6.3/600 A 

22.0 400 7.750 11.750 

12S 


A Terminal diagrams for RCA picture tubes are shown on pages 672 and 673. 
For SAFETY PRECAUTIONS and NOTES refer to page 670. 
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SAFETY PRECAUTIONS 


In servicing a television re¬ 
ceiver that requires a replacement 
picture tube, a tube with the same 
type number or an RCA recom¬ 
mended replacement tube type 


should be used to assure the same 
or improved integral x-radiation 
shielding and implosion protection. 

Note: For additional Safety 
Precautions, refer to page 93. 


Notes for Picture Tube Characteristics Chart 


• Envelope Code (All types 
have spherical faceplate ex¬ 
cept where noted) 

R Round 
S Rectangular 
G Glass 

C Cylindrical faceplate 
A Aluminized 
T Treated faceplate 

★ Safety Feature 

A Conventional Tube — Re¬ 
quires Safety Window in 
Receiver 

B Integral Moulded-Glass 
Safety Panel (Bi-Panel* ) 

C Filled Rim (Shelbondf) 

D Integral Safety Panel 
(Laminated) 

F Tension Band Over Formed 
Rim Bands (Kimcode ♦ ) 

G Welded Tension Band Over 
Formed Rim Bands (Pan- 
O-Ply* ) 

If Tension Band Over Tape 
(T-Band) 

J Welded Tension Band Over 
Tape (T-Band) 

K Tension Band Over Formed 
Rim Bands With Mounting 
Lugs (Kimcode/Lugs) 


L Welded Tension Band Over 
Formed Rim Bands With 
Mounting Lugs 
(Pan-O-Ply/Lugs) 

M Tension Band With Mount¬ 
ing Lugs Over Tape 
(T-Band Lugs) 

■ Focusing Method 

A Automatic focus 

E Electrostatic focus 

M Magnetic focus 

Footnotes 

a. All Materials and parts 
used in the manufacture of 
RCA Silverama Picture 
Tubes are new except for 
the envelope which, prior 
to reuse, was carefully in¬ 
spected to meet the stand¬ 
ards of the original new 
envelope. 

b. Both Colorama and Hi- 
Lite versions are available. 

c. Only Colorama versions 
(prefix C— or CA—) are 
available. RCA Colorama 
Picture Tubes contain used 
materials which, prior to 
reuse, are carefully in¬ 


spected to meet RCA’s 
high quality standards. 

d. Absolute-Maximum value. 

g. This type has an einzel lens 
focus system. Values shown 
are in volts which do not 
vary with anode voltage. 

h. Only Hi-Lite Versions (pre¬ 
fix H—) are available. RCA 
Hi-Lite Color Picture Tubes 
contain all New Parts and 
Materials. 

/. At Grid-No. 1 voltage of 
—100 volts. 

k. At Grid-No. 1 voltage of 
—50 volts. 

m. MATRIX Color Picture 
Tube. 

p. Precison In-Line Color 
Picture Tube. 

* Trademark of RCA, Lan¬ 
caster, Pa., 17604. 

f Trademark of Corning 
Glass Works, Corning, 
N.Y. 14830 

* Trademark of Owens- 

Illinois, Inc., Columbus, 
Oh. 58727 

* Design-Maximum value un¬ 
less otherwise noted. 
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Key to Color Picture Tube Type Designation System 


Old-Designa¬ 
tion Series 
(Rounded-off 
Tube Glass 
Diagonal in 
Inches) 

Equivalent 
New Designa¬ 
tion Series 
(Rounded-off 
Min. Screen 
Diagonal in 
Inches) 

Comparable 

Japanese 

Designation 

Series 

(Rounded-off 
Tube Glass 
Diagonal in 
mm) 

Other 

Designation 

Series 

Replaced 
by this 

Series 

11 

12 

13 

10 V 

270 

— 

12 V 

320 

_ 

14 

— 

350 

— 

15 

14 V 

370 

— 

16 

— 

400 

— 

— 

15 V 

420 

— 

17 

16 V 

440 

— 

— 

17 V 

470 

— 

19 

18 V 

490 

— 

21 

21 (Round) 

19 V 

510 

— 

19 V 

_ 

_ 

22 

20 V 

550 

21 

22 

21 V 

— 

— 

23 


— 

— 

25 

23 V 

— 

23 

26 

25 V 

— 

— 


Key to Black-and-White Picture Tube Type Designation System 


Old-Designa¬ 
tion Series 
(Rounded-off 

Tube Glass 

Diagonal in 

Inches) 

Equivalent 

New Designa¬ 
tion Series 
(Rounded-off 

Min. Screen 

Diagonal in 

Inches) 

Comparable 

Japanese 

Designation 

Series 

(Rounded-off 

Tube Glass 

Diagonal in 
mm) 

9 

_ 

230 

10 

— 

240 

11 

10 V 

280 

12 

12 V 

310 

13 

— 

— 

— 

13 V 

340 

14 

— 

— 

15 

— 

— 

16 

15 V 

400 

17 

16 V 

440 

19 

18 V 

470 

20 

19 V 

500 

21 

20 V 

520 

22 

21 V 

— 

23 

22 V 

590 

24 

— 

— 

25 

_ 
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Terminal Diagrams for 
Picture Tubes 



ANODE 


7FA 

Anode = Gj-{- Gs~j- C L 
Focusing Electrode = G 4 


ANODE 



7FG 

Anode = G 3 + Gs + CL 
Automatic Focusing 



7GR 

Anode = G 3 ~[- G 5 ~f* GL 
Focusing Electrode = G 4 



8HR 8JK 

Anode = G 3 4-G 5 -}-CL Anode = Gj-fG s +CL 

Focus.tng Electrode — G 4 Focusing Electrode —G 4 
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ANODF 



12AB 

Anode = Gj-f* G j-f- CL 
Focusing Electrode = G 4 


ANODE 



12S 

Anode = G3 + G5 + CL 
Automatic Focusing 


C4 



12L 

Anode = Gj-f-Gj-f-CL 
Focusing Electrode - G 4 



13C 

Anode = G 4 + CL 
Focusing Electrode = G 3 


ANODE 



12N 

Anode=G 3 +CL 



13D 

Anode = G 2 + CL 
Focusing Electrode = G 3 



14 AU 

Anode = G 4 + Gs 4 - CL 
Focusing Electrode = G : 


14BE 

Anode==G 4 +G 5 +CL 
Focusing Electrode = G : 


14BH 

Anode = G 3 + Gs + CL 
Focusing Electrode = G* 




















Circuits 


T HE circuits included in this Man¬ 
ual illustrate some of the more 
important applications of RCA re¬ 
ceiving tubes; they are not nec¬ 
essarily examples of commercial 
practice. These circuits have been 
conservatively designed and are ca¬ 
pable of excellent performance. The 
brief description provided with each 
circuit explains the functional rela¬ 
tionships of the various stages and 
points out intended applications, ma¬ 
jor performance characteristics, and 
significant design features of the 
over-all circuit. Detailed descriptive 
information on individual circuit 
stages (for example, amplifiers, de¬ 
tectors, or oscillators) is given in the 
section on Electron-Tube Applica¬ 
tions earlier in this Manual, as well 
as in many textbooks on electron- 
tube circuits. 

Electrical specifications are given 
for circuit components to assist those 
interested in home construction. Lay¬ 
outs and mechanical details are omit- 
ed because they vary widely with the 
requirements of individual set build¬ 
ers and with the sizes and shapes of 
the components employed. 

Circuits designed for operation 
from both ac and dc voltage sup¬ 
plies should be installed in non-me- 
tallic cabinets or properly insulated 
from metallic cabinets. Potentiome¬ 
ter shafts and switches should make 
use of insulated (plastic) knobs. In 
practical use, no metallic part of an 
“ac/dc” chassis should be exposed to 
touch, accidental or otherwise. When 
such circuits are tested outside of 
their cabinets, a line isolation trans¬ 
former such as the RCA WP-25A 
Isotap should be used. 


Performance of these circuits de¬ 
pends as much on the quality of the 
components selected and the care em¬ 
ployed in layout and construction as 
on the circuits themselves. Good 
signal reproduction from receivers 
and amplifiers requires the use of 
good-quality speakers, transformers, 
chokes, and input sources (micro¬ 
phones, phonograph pickups, etc.). 

Coils for the receiver circuits 
may be purchased at local parts deal¬ 
ers by specifying the characteristics 
required: for rf coils, the circuit po¬ 
sition (antenna or interstage), tun¬ 
ing range desired, and tuning ca¬ 
pacitances employed; for if coils or 
transformers, the intermediate fre¬ 
quency, circuit position (1st if, 2nd 
if, etc.), and, in some cases, the 
associated tube types; for oscillator 
coils, the receiver tuning range, the 
intermediate frequency, the type of 
converter tube, and the type of wind¬ 
ing used (tapped or transformer- 
coupled). 

The voltage ratings specified for 
capacitors are the minimum dc work¬ 
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having sub¬ 
stantially higher voltage ratings than 
those specified are used, they may not 
“form” completely at the operating 
voltage, with the result that the ef¬ 
fective capacitances of such units may 
be below their rated value. The watt¬ 
age ratings specified for resistors as¬ 
sume methods of construction that 
provide adequate ventilation; com- 
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pact installations having poor venti¬ 
lation may require resistors of higher 
wattage ratings. 

Circuits which work at very high 
frequencies or which are required 
to handle very wide bandwidths de¬ 
mand more than ordinary skill and 
experience in construction. Place¬ 
ment of component parts is quite 
critical and may require considerable 
experimentation. All rf leads to com¬ 
ponents including bypass capacitors 
must be kept short and must be prop¬ 


erly dressed to minimize undesirable 
coupling and capacitance effects. Cor¬ 
rect circuit alignment and oscillator 
tracking may require the use of a 
cathode-ray oscilloscope, a high-im¬ 
pedance vacuum-tube voltmeter, and 
a signal generator capable of sup¬ 
plying a properly modulated signal 
at the appropriate frequencies. Un¬ 
less the builder has had considerable 
experience with broad-band, high- 
frequency circuits, he should not 
undertake the construction of such 
circuits. 


LIST OF CIRCUITS Page 

29-1 AC/DC Superheterodyne Radio Receiver . 677 

29-2 AM/FM Superheterodyne Radio Receiver . 678 

29-3 FM Tuner . 682 

29-4 Three-Stage IF Amplifier/Limiter and Detector . 684 

29-5 FM Stereo Multiplex Adapter . 686 

29-6 Preamplifier for Amateur Receiver (21-, 30-, and 50-MHz Ama¬ 
teur Bands and 27-MHz Citizens Band) . 688 

29-7 Code-Practice Oscillator . 690 

29-8 Intercommunication Set (With Master Unit and Two or More Re¬ 
mote Units) . 691 

29-9 High-Fidelity Audio Amplifier (Class ABi*, Power Output, 15 

Watts) . 692 

29-10 High-Fidelity Audio Amplifier (Class ABi; Power Output, 30 

Watts) . 694 

29-11 High-Fidelity Audio Amplifier (Class ABi; Power Output, 50 

Watts) . 696 

29-12 Two-Channel Stereophonic Amplifier (Power Output, 1 Watt Each 

Channel) . 698 

29-13 Microphone and Phonograph Amplifier (Power Output, 8 Watts) 699 

29-14 Two-Channel Audio Mixer . 700 

29-15 Phonograph Amplifier (Power Output, 1 Watt) . 701 

29-16 Preamplifier for Magnetic Phonograph Pickup 

(With RIAA Equalization) . 702 

29-17 High-Fidelity Preamplifier for Tape-Head Pickup 

(With NARTB Equalization) . 703 

29-18 Preamplifier for Ceramic Phonograph Pickup 

(Cathode-Follower Output) . 704 

29-19 Low-Distortion Preamplifier (For Low-Output, High-Impedance 

Microphones) . 705 
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29-20 Bass and Treble Tone-Control Amplifier . 706 

29-21 Electronic Volt-Ohm Meter . 707 

29-22 Series-Type Stabilized Voltage Supply . 710 

29-23 All-Purpose Power Supplies . 711 

29-24 VHF Tuner (For Black-and-White TV Receiver) . 713 

29-25 Video IF Amplifiers and Sound-Channel Circuits (For Black-and- 

White TV Receiver) . 716 

29-26 Video, AGC, and Sync Amplifiers, (For Black-and-White TV 

Receiver) . 718 

29-27 Vertical and Horizontal Deflection Circuits and High-Voltage 

Rectifier (For Black-and-White TV Receiver) . 720 

29-28 Low-Voltage and Heater Supply (For Black-and-White TV Receiver) 724 

29-29 Low-Voltage Power Supply, Degaussing Circuit, and Heater Connec¬ 
tions (For Color TV Receiver) . 726 

29-30 VHF Tuner (For Color TV Receiver) . 728 

29-31 Video- and Sound-Channel Circuits (For Color TV Receiver)_ 731 

29-32 Sync, AGC, and Vertical-Deflection Circuits (For Color TV Re¬ 
ceiver) . 735 

29-33 Horizontal-Deflection Circuit and High-Voltage Power Supply (For 

Color TV Receiver) . 737 

29-34 Chroma Circuits (For Color TV Receiver) . 741 

29-35 Picture Tube and Associated Circuits (For Color TV Receiver) .... 745 


MANUFACTURERS OF SPECIAL COMPONENTS AND MATERIALS 

REFERRED TO IN PARTS LIST 


Allen-Bradley Co. 

1201 S. 2nd Street 
Milwaukee, Wis. 53204 
Alpha Wire Corp. 

711 Lidgerwood Avenue 
Elizabeth, N. J. 07202 
Arco Electronics, Inc. 
Community Drive 
Great Neck, N. Y. 11021 
Freed Transformer Company, Inc. 
1795 Weir field Street 
Brooklyn, N. Y. 11227 
Knight Products 
Allied Radio Corp. 

100 N. Western Avenue 
Chicago, Ill. 60612 
J. W. Miller Co. 

5917 S. Main Street 
Los Angeles, Calif. 90003 


Moldite Electronics Corp. 

250 South Street 
Newark, N. J. 07114 
Ohmite Manufacturing Co. 

3635 W. Howard Street 
Skokie, Ill. 60076 
Stancor Electronics, Inc. 

3501 W. Addison Street 
Chicago, Ill. 60618 
Thordarson-Meissner, Inc. 
Electronic Center 
7th and Bellmont 
Mt. Carmel, Ill. 62863 
Triad Distributor Div. 

Litton Industries 
305 N. Briant Street 
Huntington, Ind. 46750 
United Transformer Corp. 

Div. Thompson-Ramo-Wooldridge, 
150 Varick Street 
New York, N. Y. 10013 


Note: Components and materials identified by RCA stock numbers may be 
obtained through authorized RCA distributors. 
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29-1 AC/DC SUPERHETERODYNE RADIO RECEIVER 


PENTAGRID DIODE DETECTOR,AVC, POWER 



Parts List 

Ci, Cs^Ganged tuning ca¬ 
pacitors ; Ci, 10-365 pF, 

Cs, 7-115 pF 

Ca=Trimmer capacitor, 4-30 
pF 

Ca=0.05 jttF, paper, 50 V 

C4=0.1 jiF, paper, 400 V 

Ce=Trimmer capacitor, 

2-17 pF 

C7=56 pF, ceramic 

Cs=30 jiF, electrolytic, 

150 V 

Co, Cio=150 pF, ceramic 

Cn, Ci4=0.02 /xF, paper, 

400 V 

Ci 2 =0.002 /xF, paper, 400 V 

Cia=330 pF, mica 


Ci5=0.05 fiF, paper, 400 V 
Ci6= 50 fiF, electrolytic, 

150 V 

Ii= Panel lamp. No. 40 or 47 
L^Loop antenna or ferrite- 
rod antenna, 540-1600 kHz 
(with specified values of 
capacitance for Ci and Ca) 
Ri— 0.22 megohm, 0.5 watt 
R 2 — 33000 ohms, 0.5 watt 
R3=100 ohms, 0.5 watt 
R 4 —3.3 megohms, 0.5 watt 
R 5 —47000 ohms, 0.5 watt 
Re=Volume control, potenti¬ 
ometer, 0.5 megohm 
R7— 4.7 megohms, 0.5 watt 
Rs, Re==0.47 megohm, 

0.5 watt 


Rio=150 ohms, 0.5 watt 
Ru=1200 ohms, 1 watt 
Si:= On-off switch; single¬ 
pole, single-throw 
S Pi=Speaker 
Ti= Oscillator coil for use 
with 7-115 pF tuning ca¬ 
pacitor and 455-kHz inter¬ 
mediate-frequency trans¬ 
former 

Ta, T 3 =Intermediate-fre- 
quency transformers, 455 
kHz (permeability-tuned 
type may be used) 

T 4 —Output transformer for 
matching impedance of 
voice coil to 2500-ohm 
load 


Circuit Description 

This basic five-tube superhetero¬ 
dyne radio receiver operates directly 
from an ac power line or a dc supply 
of 117 volts. AC power inputs are con¬ 
verted to dc power by the 35W4 half¬ 
wave rectifier circuit. The receiver 
uses a series heater arrangement. 
With ON-OFF switch Si closed, the 
heater string is connected directly 
across the 117-volt input terminals. 
A 6.3-volt panel lamp Ii connected be¬ 
tween heater pins 3 and 6 of the 35W4 


rectifier tube lights to indicate that 
power is applied to the receiver. 

A ferrite-rod or loop antenna L 
and tuning capacitor Ci select ampli¬ 
tude-modulated rf signals from the 
desired broadcast-band (550 to 1600 
kHz) radio station and couple these 
signals to grid No. 3 (pin 7) of the 
12BE6 pentagrid converter. A local- 
oscillator signal, developed by the 
resonant circuit formed by oscillator 
coil Ti and variable capacitors C 8 and 
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29-1 AC/DC SUPERHETERODYNE RADIO RECEIVER (Cont’d) 


Circuit Description (Cont’d) 

Cg, is also applied to the 12BE6 pen- 
tagrid converter, at grid No. 1 (pin 
1 ). The modulated-rf and local-oscil¬ 
lator signals are mixed across the 
nonlinear impedance of the converter 
tube to produce the 455-kHz inter¬ 
mediate frequency used in the re¬ 
ceiver. The antenna and oscillator 
tuning capacitors Ci and C 5 are me¬ 
chanically ganged so that the an¬ 
tenna and oscillator resonant circuits 
can be adjusted together to maintain 
the 455-kHz difference frequency for 
any dial setting in the broadcast-fre¬ 
quency band. Trimmer capacitors C_> 
and Cg are adjusted to assure that 
the desired tracking relationship is 
maintained across the band. Positive 
feedback to sustain oscillations is in¬ 
ductively coupled by Ti from the cath¬ 
ode of the 12BE6 converter to the 
local-oscillator resonant circuit. 

A single if stage, which uses 
a high-transconductance 12BA6 re- 
mote-cutoff pentode, provides the re¬ 
quired amplification of the interme¬ 
diate-frequency signals. This stage 
is made selective at 455 kHz by the 
double-tuned input and output trans¬ 
formers T 2 and T 3 . Audio-signal com¬ 
ponents are extracted from the if 


signal by the second-detector circuit, 
which consists of the pin 6 diode 
section in the 12 AV 6 tube and asso¬ 
ciated components. (The pin 5 diode 
section of the 12 AV 6 is not used and 
is shorted to the tube cathode, pin 
2.) The audio output from the de¬ 
tector is developed across the VOL. 
CONT. potentiometer Rg, which pro¬ 
vides manual adjustment of the out¬ 
put sound level of the receiver. The 
detector also develops a negative dc 
voltage proportional to the rf input 
across a 150-picofarad capacitor Co 
for automatic volume control in the 
receiver. This avc voltage is used as 
bias for the converter and if amplifier 
and automatically controls the gain 
of these stages. 

The audio-signal voltage at the 
wiper arm of the VOL. CONT. poten¬ 
tiometer is amplified by the triode 
(audio-voltage-amplifier) section of 
the 12AV6 and is then used to drive 
the 50C5 audio output stage. The out¬ 
put stage develops the audio power 
required to produce an audible out¬ 
put from the speaker. Audio output 
transformer Ti matches the 2500-ohm 
plate-load impedance of the 50C5 to 
the speaker voice coil. 


29-2 AM/FM SUPERHETERODYNE RADIO RECEIVER 


Circuit Description 

This AM/FM radio receiver op¬ 
erates directly from either an ac 
power line or a dc supply of 117 volts. 
AC power inputs are converted to dc 
power by a 1N3756 silicon-rectifier 
half-wave power supply. The receiver 
uses a series heater string, which is 
connected across the 117-volt input 
when ON-OFF switch S« and inter¬ 
lock S 2 are closed. The interlock as¬ 
sures that power is automatically dis¬ 
connected when the receiver is re¬ 
moved from the chassis. 

AM or FM operation of the re¬ 
ceiver is selected by means of switch 
Si. For AM operation (Si set to AM 


position), amplitude - modulated rf 
signals in the AM broadcast band 
(550 to 1600 kHz) from the desired 
radio broadcast station are selected 
by antenna L 2 and tuning capacitor 
Cm. These signals are amplified and 
converted to the 455-kHz AM inter¬ 
mediate frequency by the 12BE6 pen- 
tagrid converter. Tuning capacitors 
Csb and C 27 are mechanically ganged 
so that the antenna and local-oscil¬ 
lator sections of the converter can be 
tuned simultaneously to maintain the 
455-kHz difference frequency for any 
station setting. Trimmer adjustments 
are provided by variable capacitors 
Cl’g and Cs». 



Circuits 

29-2 


AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont’d) 
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RF AMP./FM CONV. 



TYPE IN3756 



Parts List 


Ci=Part of PCi Ci, Ci;j:= Trimmer capacitors, C7=36 pF, ceramic, 500 V 

C 2 =PartofPC 2 1-7 pF Cs, 6.8 pF, ceramic, 

Cs, C 12 — Ganged tuning ca- Cs, Cig, Cis=1000 pF, feed- 500 V 

pacitors ; tune Li and Ts to through, 500 V Co= 11 pF, ceramic, 500 V 

88-108 MHz Co=0.1 (iF, ceramic, 500 V Cio=68 pF, ceramic, 500 V 
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29-2 AM/FM SUPERHETERODYNE 

RADIO RECEIVER (Cont’d) 


I ST. IF AMP. 2 ND. FM IF AMP./LIM., AM DET. RATIO DEI 

TYPE TYPE 1/2 TYPE 

I9HR6 I2AU6 I4GT8 



Parts List (Cont'd) 


Cii=21 pF, ceramic, 500 V 
Ci5=:500 pF, feedthrough, 
500 V 

Ci7=0.22 jiF, ceramic disc, 
500 V 


Cio, C 20 —2 pF, feedthrough, 
500 V 

C 21 , Css, C3o=2000 pF, 
feedthrough, 500 V 


C 22 —IF transformer tuning 
capacitor ; value, with cable 
capacitance, tunes Ts to 
10.7 MHz 








Circuits 681 

29-2 AM/FM SUPERHETERODYNE 

RADIO RECEIVER (Cont’d) 


Circuit Description (Cont'd) 

With switch Si in the FM or FM- 
AFC position, the FM tuner selects 
rf signals in the FM broadcast band 
(88 to 108 MHz) from the desired 
FM radio station, amplifies these sig¬ 
nals, and converts them to the 10.7- 
MHz FM intermediate frequency. The 
rf-amplifier and converter stages of 
the tuner each use one section of a 
12DT8 high-mu twin triode. Ganged 
tuning of the rf-amplifier and con¬ 
verter tuning capacitors, C 3 and C 12 , 
assures that the converter local-oscil¬ 
lator frequency tracks the input tun¬ 
ing at 10.7 MHz above the center 
frequency of the FM channel selected. 
Trimmer adjustments are provided 
by variable capacitors C 4 and C J3 . 

The 19HR6 if amplifier is used 
in both FM and AM modes of opera¬ 
tion. Depending upon the setting of 
selector switch Si, this stage ampli¬ 
fies the frequency-modulated 10.7- 
MHz intermediate-frequency output 
from the FM converter or the am¬ 
plitude-modulated 455-kHz interme¬ 
diate-frequency signal from the AM 
converter. Additional amplification of 
FM if signals is provided by the 
12AU6 pentode stage, which is used 
as a combination second FM if am¬ 
plifier and noise limiter. A portion of 
the 12AU6 stage is also used as a 
second detector circuit to extract the 
audio-signal components from the 
455-kHz AM if signals. For this de¬ 
modulation function, the cathode and 
control grid of the 12AU6 are used 
as the detector diode. The 10.7-MHz 
FM if signals are demodulated and 
amplitude distortion is removed by a 
ratio detector that uses the diode sec¬ 
tions of a 14GT8 twin diode—high- 


mu triode. Good selectivity in the if 
amplifier and detector at 10.7 MHz 
is provided by the double-tuned trans¬ 
formers T ;l , T«, and T«, and at 455 
kHz by the double-tuned transform¬ 
ers Tr, and T?. 

Depending upon the mode of op¬ 
eration, a section of S L selects the 
audio output from the AM detector 
or from the FM ratio detector. The 
selected audio output is amplified by 
an audio voltage amplifier which 
uses the high-mu triode section of 
a 14GT8 and a 50C5 audio output 
stage. The output stage provides the 
power necessary to produce the re¬ 
quired speaker output. Transformer 
To matches the 2500-ohm plate im¬ 
pedance of the 50C5 to the speaker 
voice coil. Manual adjustment of the 
receiver output is provided by the 
VOL. CONT. potentiometer R 2 o in the 
control-grid circuit of the audio volt¬ 
age amplifier. 

A negative dc voltage propor¬ 
tional to the input signal level is de¬ 
veloped across R )8 and C 4 i during 
either AM or FM operation of the 
receiver. This voltage is applied as 
bias to the control grid (pin 1) of the 
19HR6 if amplifier and the signal grid 
(pin 7) of the 12BE6 AM converter to 
provide automatic gain control of the 
receiver in each mode of operation. 
With Si in the FM-AFC position, the 
1N3182 AFC diode rectifies the volt¬ 
age across the tertiary winding of the 
ratio-detector transformer T 8 . The re¬ 
sultant frequency-sensitive voltage, 
applied to the plate resonant circuits 
of the FM rf-amplifier and converter 
stages, provides automatic frequency 
control in the FM tuner. 


Note: See general considerations for construction of high- 
frequency and broad-band circuits on page 675. 
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AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont’d) 


29-2 


Paris List (Cont’d) 

Cs 3=4700 pF, ceramic* 

500 V 

Cs4=0.15 fiF, paper* 200 V 
Css* C27= Ganged tuning ca¬ 
pacitors ; tune Ti to 
540-1650 kHz 
Cso, C 28 = Trimmer capaci¬ 
tors, 12 pF 

CsB, Css, Css, C47=0.01 fiF, 
ceramic* 500 V 
Cso=Part of Ts 
C 31 , C<9=1000pF, ceramic, 
500 V 

Csa=Part of Ts 
C34=0.1 fiF, ceramic, 500 V 
Cs?= 0.047 /aF, paper, 400 V 
Css=80 fxF, electrolytic, 

150 V 

C 40 , C42=2700 pF, ceramic, 
500 V 

C 11 , C/43=100 pF, ceramic, 

500 V, NPO 
Cdi, 045=330 pF, mica, 

500 V 

Gio=2 ix F, electrolytic, 50 V 
Ci8=0.01 /aF, paper, 200 V 
Cso=5600 pF, ceramic, 500 V 
Csi=0.1 n F, paper, 200 V 
C52=0.022 (i F, paper, 200 V 
Cs3=50 ixF, electrolytic, 

150 V 

Li, Ls=l /aH, rf coil 


1 cj=A ntenna, air-loop type 
with back cover 
PCi, PCa= Printed circuit; 
includes 0.5 megohm, 
0.25-watt resister and 470- 
picofarad, 500-volt capa¬ 
citor ; RCA Stock No. 
104328 

Ri=Part of PCi 
Ro=Part of PC 2 
Rs=2200 ohms, 0.5 watt 
R 4=1200 ohms, 0.5 watt 
Rs, R 2 i=33000 ohms, 0.5 
watt 

Re, Rn= 22000 ohms, 0.5 
watt 

R 7 , R 28 , Rsi=0.47 megohm, 
0.5 watt 

Rs=3900 ohms, 0.5 watt 
R», R22=47000 ohms, 0.5 
watt 

Rio=220 ohms, 0.5 watt 
Ria, Ri 7 =l megohm, 0.5 watt 
Ria= 0.22 megohm, 0.5 watt 
Ri 4=100 ohms, wire-wound, 

4 watts 

Ris, R 2 o =68 ohms, 0.5 watt 
Ric=4700 ohms, 0.5 watt 
Ris=0.33 megohm, 0.5 watt 
R 19 , R24=10 0 0 ohms, 0.5 watt 
R 23 , R25=6800 ohms, 0.5 watt 
R 2 o =220 ohms, 0.5 watt 


Rs7=3.3 megohms, 0.5 watt 
R 2 o=: Volume control, potenti¬ 
ometer, 1 megohm, part of 
assembly with S 3 
Rso=4.7 megohms, 0.5 watt 
R::2=150 ohms* 0.5 watt 
Rs3=1500 ohms, 0.5 watt 
Rs 4=820 ohms, 0.5 watt 
Rss=3900 ohms, 0.5 watt 
R3«=560 ohms, 0.5 watt 
Si=AM-FM-AFC selector; 

3-section slide switch 
S 2 =Interlock 

S 3 =ON-OFF switch, part of 
assembly with R 20 
Ti=FM antenna transformer 
T 2 =FM oscillator trans¬ 
former 

Ts, Te=FM if transformer, 
10.7 MHz 

T4=AM oscillator coil; with 
specified values of tuning 
and trimmer capacitance, 
tunes to 540 to 1600 kHz 
Ts, T7=AM if transformer, 
455 kHz 

T8= Ratio-detector trans¬ 
former, 10.7 MHz 
Tg=Audio output trans¬ 
former, matches imped¬ 
ance of speaker voice coil 
to 2500-ohm tube load 


29-3 FM TUNER 


Circuit Description 

This three-stage FM tuner fea¬ 
tures a pair of 6CW4 nuvistor triodes 
operated* in a low-noise, high-gain 
cascode rf-amplifier stage. The mixer 
and local-oscillator sections of the 
tuner use the pentode and triode sec¬ 
tions, respectively, of a 6 KE 8 triode- 
pentode. The dc operating power for 
the tuner is obtained from a 180-volt, 
20-milliampere supply. Power for the 
tube heaters is obtained from a 6.3- 
volt, 660-milliampere ac source. 

The tuner uses a 300-ohm bal¬ 
anced antenna. Antenna transformer 
Ti matches the 300-ohm antenna im¬ 
pedance to the input circuit of the 
cascode rf amplifier. Antenna tuning 
capacitor C 4 is adjusted to select the 
desired FM channel. The frequency- 
modulated rf signals are amplified by 
the cascode rf stage and coupled to 


the control grid of the mixer stage. 
The local oscillator generates a sig¬ 
nal, at a frequency 10.7 MHz above 
the center frequency of the selected 
FM channel, which is also applied to 
the control grid of the mixer stage. 
The rf and local-oscillator signals are 
mixed to produce the desired 10.7- 
MHz FM intermediate frequency. 
Ganged tuning of the antenna, mixer, 
and local-oscillator tuning capacitors, 
Cj, C13, and Ci«, assures that the local- 
oscillator frequency tracks the input 
tuning at 10.7 MHz above the selected 
FM channel. Capacitors Co, Cl5, and 
C,« are trimmer adjustments for the 
tuner. The double-tuned transformer 
To selects the 10.7-MHz FM if signals 
at the plate of the mixer stages and 
couples them to the if-amplifier/ 
limiter section of the FM receiver. 
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29-3 FM TUNER (Cont’d) 



TYPE TYPE TYPE 

6CW4 6CW4 6KE8 



* A metal shield should be provided between grid and plate terminals on the 6CW4 socket. 


Parts List 

Cl, C8, C35, 039 = 0.01 flF , 
ceramic disc, 400 V 
C2, C3i=2000 pF, feed¬ 
through, 400 V 
Cs, C11, C21, C34, C30, C37, 
C38=1000 pF feedthrough, 
400 V 

Ci, C13, Cio=Ganged tuning 
capacitor ; 6.6-23 pF, 400 V ; 
Miller No. 1461-BS or 
equiv. 

Cs, Co, C28=1000 pF, 
ceramic, 400 V 
Ce, C 15 , Cio=Trimmer ca¬ 
pacitors, 1-7.5 pF, 
ceramic, 400 V 
C 7 , Ci8, C33=10 pF, ceramic, 
400 V 

Cio=2000 pF, ceramic disc, 
400 V 


C 12 , C3o=2000 pF, ceramic, 

400 V 

C 11 , C32=6.8 pF, ceramic, 

400 V 

Ci7=0.22 aF, ceramic, 400 V 
C2 o= 18 pF, ceramic, 400 V 
C 22 =Capacitor inserted in 
place of tuning capacitor 
in secondary winding of T 2 ; 
value with cable capaci¬ 
tance tunes output circuit 
of tuner to 10.7 MHz 
C23, Cim= 2 pF feedthrough, 
400 V 

C25=22 pF, ceramic, 400 V 
C2 o= 2.2 pF, ceramic, 400 V 
C27 = 47 pF, ceramic, 400 V 
C 2 o=Part of T 2 
Li=RF coil, 5 turns of No. 

22 enamel wire close- 


wound on %-inch-diameter 
coil form 

L 2 =RF coil, 12 turns of No. 
22 enamel wire close- 
wound on ^4-inch-diameter 
slug-tuned coil form ; tun¬ 
ing slug = %-inch-long 
Moldite No. 5101 ferrite 
or equiv. 

L3=RF choke, 4 /iH, J. W. 
Miller No. 70F396A1 or 
equiv. 

L t=RF coil, 3 turns of No. 

16 enamel wire wound 
double-spaced on % -inch- 
diameter slug-tuned coil 
form ; tuning slug = %- 
inch-long Moldite No. 

5101 ferrite or equiv. 

Li5=RF coil, l- 1 /^ turns of 
No. 16 enamel wire close- 
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Parts List (Cont’d) 

wound on % -inch-diameter 
slug-tuned coil form: 
tuning slug=%-inch-long 
Moldite No. 5101 ferrite 
or equiv. 

Lg=RF choke, 2juH, Ohmite 
No. Z144 or equiv. 

L 7 =RF coil; 0.4 /iH ; 20 
turns of No. 26 enamel 
wire close-wound on a 0.47 
megohm, 0.5-watt Allen - 
Bradley resistor or resistor 
of equivalent physical size 

Xj8, Lb=RF chokes ; 1/iH ; 25 
turns of No. 24 enamel wire 
close-wound on a 0.47- 
megohm, 1-watt Allen- 


FM TUNER (Cont’d) 


Bradley resistor or resistor 
of equivalent physical size 
Ri, Ri3=220 ohms, 0.5 watt 
R 2 =5 ohms, 0.5 watt 
R3, R9=0.47 megohm, 0.5 
watt 

R-t, Re, R8=47000 ohms, 0.5 
watt 

R5=0.1 megohm, 0.5 watt 
R7=3900 ohms, 0.5 watt 
Rio=22000 ohms, 0.5 watt 
Rii=:4700 ohms, 0.5 watt 
Ri 2 —15000 ohms, 0.5 watt 
Si=AM/FM range switch ; 
open position is used for 
local stations, closed posi¬ 
tion for distant stations 


Ti=Antenna transformer; 
primary: 2 turns of No. 32 
wire with type B nylon 
insulation. Alpha No. 1860 
or equivalent, center- 
tapped ; secondary: 3 turns 
of No. 16 enamel wire; 
wound double-spaced on 
-inch-long coil form ; tun¬ 
ing slug = %-inch-long 
Moldite No. 5101 ferrite 
or equiv. 

T 2 =FM if transformer, 10.7 
MHz; J. W. Miller 1451 or 
equiv.; capacitor in second¬ 
ary should be replaced by 

C/22 


Note: See general considerations for construction of high-frequency and broadband circuits 
on page 675. 


294 THREE-STAGE IF AMPLIFIER/LIMITER 

AND DETECTOR 

For Monaural or Stereo Tuner 


Circuit Description 

This three-stage if amplifier/ 
limiter and detector circuit, when 
used with a front-end circuit such as 
that shown in circuit 25-3, makes pos¬ 
sible an over-all tuner gain of 35 dB. 
The over-all bandwidth of the if- 
amplifier stages, between the 6-dB- 
down points, is 300 kHz, and the peak 
separation of the detector is 440 kHz. 
The circuit provides a signal-to-noise 
ratio of 20 dB for an input of 2.8 
microvolts or 30 dB for an input of 
4.1 microvolts. The 6HR6 and 6HS6 
pentodes used in the if-amplifier 
stages have very high transconduct¬ 
ance and a grid-No.l-to-plate capaci¬ 
tance substantially less than 0.01 
picofarad and are, therefore, espe¬ 
cially suited for use in FM if ampli¬ 
fiers and television sound if ampli¬ 
fiers. These pentodes operate from a 
180-volt, 25-milliampere dc supply. 
Heater power for the pentodes and 
for the 6AL5 twin diode used in the 
ratio detector is obtained from a 6.3- 
volt ac source. 

The frequency-modulated, 10.7- 
MHz intermediate-frequency signal 
from the mixer stage in the FM tuner 
is applied to the control grid of the 
first if-amplifier stage. This signal is 
amplified by the three transformer- 


coupled amplifier stages and applied 
by transformer T 3 to the ratio de¬ 
tector. The doubled-tuned coupling 
transformers Ti, T 2 , and T 3 provide the 
selectivity at 10.7 MHz and the band¬ 
pass characteristics required for op¬ 
timum transfer of the frequency- 
modulated signal. Circuit stability is 
improved by the use of unbypassed 
cathode resistors in each amplifier 
stage. The first two if stages are 
basically amplifiers, although they 
provide some saturation limiting of 
large-level signals. The 3300-ohm 
screen-grid dropping resistors (R 2 
and R 4 ) reduce the screen-grid volt¬ 
ages in these stages to obtain the 
desired limiting characteristics. The 
6HR6 pentode used in the first if am¬ 
plifier is a remote-cutoff tube and, if 
desired, this stage may be operated 
with age bias. The 6HS6 pentodes 
used in the second and third if stages 
are sharp-cutoff tubes. In addition, 
the screen-grid voltage divider net¬ 
work (R 7 and R 8 ) for the third stage 
substantially reduces the screen-grid 
voltage so that the stage will provide 
both cutoff and saturation limiting of 
large-level signals. The limiting in the 
if stages helps remove any amplitude 
modulation from the frequency-mod- 




Parts List 

Ci, C 4 —Part of Ti 

C 2 , C6=2200 pF, ceramic 
disc, 400 V 

C3=50 aiF, electrolytic, 

450 V 

Ce, C7=Part of T 2 

Cs—47 pF, ceramic disc, 
400 V 

Ce, Ci8, C 19 , C 20 , C 2 i= 0.01 
fiF, ceramic disc, 400 V 

Cio=1500 pF ceramic disc, 
400 V 

C 11 = Part of T 3 


C 12 , C 13 , Cis=:330 pF, 
ceramic disc, 400 V 

Cu=100 pF, ceramic disc, 
400 V 

Cio=2 /aF, electrolytic, 

400 V 

Ci7=1000 pF, ceramic disc, 
400 V 

Li, L 2 , L3=l fiH 

Ri, R3=68 ohms, 0.5 watt 

R 2 , R 4 , Ri3=3300 ohms, 

0.5 watt 

R5=0.1 megohm, 0.5 watt 


Re, Rio=100 ohms, 0.5 watt 
R7=15000 ohms, 0.5 watt 
R8—22000 ohms, 0.5 watt 
Re=2200 ohms, 3 watts 
Rii=1200 ohms, 0.5 watt 
Ri2=390 ohms, 0.5 watt 
R 14 , Ris= 6800 ohms, 

0.5 watt 

Rie= 68000 ohms, 0.5 watt 
Ti, T 2 =IF transformers, 
10.7 MHz 

T3=Ratio-detector 

transformer, 10.7 MHz 


Note: Tube shields may be required if regeneration is encountered. See general consideration: 
for construction of high-frequency and broad-band circuits on page 675. 
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29-4 THREE-STAGE IF AMPLIFIER/LIMITER 

AND DETECTOR (Cont’d) 


Circuit Description (Cont’d) 
ulated signals. 

The 6AL5 ratio-detector circuit 
provides additional noise limiting of 
the FM signal and demodulates this 
signal to recover the audio informa¬ 
tion. The detector circuit provides the 

29-5 

Circuit Description 

This FM stereo multiplex adapt¬ 
er demodulates composite multiplex 
signals from an FM tuner and sep¬ 
arates these signals into left- and 
right-channel inputs for stereo audio¬ 
output stages. The dc operating pow¬ 
er for the 12AX7A and 6CL8A twin 
triodes used in the adapter circuit is 
obtained from a 180-volt, 15-milliam- 
pere supply. Power for the dual heat¬ 
ers of the 12AX7A and the single 
heater of the 6CL8A is obtained from 
a 6.3-volt source. 

The composite signal applied to 
the multiplex adapter from the ratio 
detector (or discriminator) in an FM 
receiver includes a 19-kHz pilot-fre¬ 
quency (multiplex-reference) compo¬ 
nent and sum (L -f R) and differ¬ 
ence (L — It) components of left- and 
right-channel audio signals. The L + 
R signal is the demodulated in-phase 
combination of the left- and right- 
channel audio information used to 
modulate the main carrier frequency 
of the receiver. The L — R signal is 
the out-of-phase combination of the 
left- and right-channel information 
and is used to amplitude-modulate a 
38-kHz subcarrier. This subcarrier is 
suppressed in the FM tuner so that 
only the L — R sideband components 
of the amplitude-modulated signal 
remain. 

The composite input signal is am¬ 
plified by the 12AX7A triode section 
in the input stage of the adapter. The 
high input impedance of this stage 
prevents excessive loading of the 
ratio detector. The 67-kHz trap (Li 
and C«) in the cathode circuit of this 


input to the audio amplifiers of a 
monaural receiver or to the multiplex 
detector in a stereo system. The RC 
network (Ri« and Cu) in the monaural 
output lead provides the desired de¬ 
emphasis of high audio frequencies. 


stage eliminates any SCA (storecast 
allocation) signal components that 
may be included in the composite sig¬ 
nal. The composite signal is coupled 
from the plate of the input stage to 
the control grid of the 6CL8A triode 
section used in a signal-separation 
driver. This stage operates as a cath¬ 
ode follower for the L -f R audio 
components and the L — R subcar¬ 
rier sideband components. The L + 
R audio components are developed 
across the MATRIX BALANCE 
ADJ. potentiometer Ri 8 and coupled 
from the wiper arm of this potenti¬ 
ometer to the output resistor matrix 
network Ri 9 through R 22 . A 3300- 
picofarad capacitor Cio in the cou¬ 
pling circuit filters out any 19-kHz 
pilot-frequency components or 38- 
kHz subcarrier sideband components 
that may be developed across potenti¬ 
ometer Ris. The L — R sideband com¬ 
ponents are coupled from the cathode 
of the signal-separation driver to the 
center tap of the secondary winding 
of the transformer T 2 in the peak de¬ 
tector. The 38-kHz band-pass coil L 2 
and the 67-kHz series-resonant trap 
Co and L 3 assure maximum signal 
transfer of the L — R sideband com¬ 
ponents with minimum interference 
from storecast signals. 

The 19-kHz double-tuned trans¬ 
former Ti in the plate circuit of the 
signal-separation driver presents a 
highly selective load to the 19-kHz 
pilot-frequency component included 
in the composite multiplex signal and 
couples this 19-kHz component to the 
pilot-frequency doubler. The doubler 
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COMPENSATING 

AMPLIFIER 

1/2 TYPE 
I2AX7A 


SIGNAL-SEPARATION 

DRIVER 


PILOT 
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Parts List 

Cl, Cll, Cl 2 , Cl 3 , Cl 4 , Cl 7 , 
CzomO.Ol /lF, ceramic, 

500 V 

C 2 , C»=2200 pF, film, 

500 V, N150 

C 3 , Cis, Cio=270 pF, ceramic, 
500 V, N750 

Ci—0.047 n F, paper, 200 V 

C5=40 /iF, electrolytic, 450 V 

Ca=0.22 /iF, paper, 400 V 

C 7 , C 8 =1500 pF, film, 500 V, 
N150 

Cio=1000 pF, film, 500 V, 
N150 

Ci5=470 pF, ceramic, 500 V 

Ci«=3300 pF, ceramic, 500 V 

Li, L3=RF coil, 67-kHz trap. 


RCA stock No. 111047 
or equiv. 

L 2 =RF coil, 38-kHz band¬ 
pass, RCA stock No. 
111048 or equiv. 

R i — 330 ohms, 1 watt 
R2=0.56 megohm, 0.5 watt 
R.j—1500 ohms, 0.5 watt 
Ri= 15000 ohms, 0.5 watt 
Rs=i68000 ohms, 0.5 watt 
R«zr3.9 megohms, 0.5 watt 
R 7 — 1 megohm, 0.5 watt 
Rs, Rio= 10000 ohms, 

0.5 watt 

Ro, R 14 , Ri5=47000 ohms, 
0.5 watt 


Rii=4700 ohms, 0.5 watt 
Ri2=1.2 megohms, 0.5 watt 
Ri3=0.15 megohm, 0.5 watt 
Rio, Ri7» R 23 — 22000 ohms, 
0.5 watt 

Ris= Potentiometer, balance 
adjustment, 10000 ohms, 
RCA stock No. 111044 
or equiv. 

Rio, R 20 , R 21 , R 22 —0.1 
megohm, 0.5 watt 
Ti=:19-kHz transformer, 
RCA stock No. 111045 
or equiv. 

T 2 —38-kHz transformer, 
RCA stock No. 111046 
or equiv. 


Note: See general considerations for construction of high-frequency and broadband circuits 
on page 675. 


Circuit Description (Cont’d) 

circuit, which consists of two 1N295 
diodes (CRi and CR 2 ) in a full-wave 
rectifier configuration, doubles the 
pilot frequency to regenerate the 38- 
kHz subcarrier required for demodu¬ 
lation of the L — R sideband com¬ 
ponents. 

The 38-kHz output of the doubler 
is amplified by the 6CL8A triode sec¬ 
tion used in the shaping amplifier 
and reshaped to a sine wave by the 
tuned primary of the peak detector 
transformer T 2 . In the secondary of 
T 2 , the 38-kHz subcarrier is recom¬ 
bined with the L — R sideband com¬ 
ponents from the cathode of the sig¬ 
nal-separation driver. This combined 
signal is then demodulated by the 
1N295 detector diodes CRa and CRi 
to obtain the L — R audio signal. 

The L — R audio signal is applied 
to the control grid of the 6CL8A sec¬ 
tion used in a phase-splitter circuit. 


The cathode and plate outputs of the 
phase splitter are equal in amplitude 
and opposite in phase so that one out¬ 
put represents an L — R signal and 
the other output represents a — L 
-f- R signal. These signals are applied 
to the output-resistor matrix network 
where they are added to the L + R 
audio signal from the cathode circuit 
of the signal-separation driver. In 
the summation of the L + R and L 

— R audio signal, the R components 
are canceled, and the resultant ob¬ 
tained is the left-channel audio out¬ 
put. The summation of the L + R and 

— L -f R signals results in cancella¬ 
tion of the L components so that only 
the right-channel audio output is ob¬ 
tained. These outputs are then ap¬ 
plied to the stereo receiver left- and 
right-channel audio-output stages, 
respectively^ 


29-6 PREAMPLIFIER FOR AMATEUR RECEIVER 

For 15-, 10-, and 6-Meter (21-, 30-, and 50-MHz) 
Amateur Bands and 27-MHz Citizens Band 


Circuit Description 

In this preamplifier, two 6CW4 
high-mu nuvistor triodes are used in 
a high-gain, low-noise cascode rf- 
amplifier stage that adds 25 to 35 dB 
of gain ahead of a receiver operated 
on the 6-, 10-, or 15-meter amateur 
band or on the 27-MHz citizens band. 
This added gain, together with the 


low noise figure (approximately 5 
dB) of the preamplifier, substantially 
increases both the sensitivity and the 
signal-to-noise ratio of the receiver. 
The preamplifier operates from a dc 
plate supply of 150 volts at 5 milli- 
amperes. The tube heaters require an 
ac power input of 6.3 volts at 0.26 
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29-6 PREAMPLIFIER FOR AMATEUR RECEIVER (Cont’d) 



| ALIGNMENT DATA [ 

Operating Frequency 

Tune T x to: 

Tune T 2 to: 

21 MHz 

21.25 MHz 

21.22 MHz 

27 MHz 

30 MHz 

27 MHz 

30 MHz 

32 MHz 

29.5 MHz 

50 MHz 

51 MHz 

50 MHz 


Parts List 


Ci, C 7 =See Note 1 
C 2, C3, C4, C5, Co, C8, 

C 9 —0.001 II F, 600 V, 
ceramic 

Ri, R 2 —100 ohms, 0.5 watt 
R3=0.47 megohm, 0.5 watt 
Ri=1000 ohms, 0.5 watt 
Ti= Input transformer (slug- 
tuned) ; matches preampli¬ 
fier to 62-ohm input line 
(for 300-ohm input line, 
double number of turns in 


primary) ; wound from #32 
copper enamel wire on slug- 
tuned form having *4-inch 
outer diameter: primary, 
l 1 /^ turns ; secondary, 18 
turns for operation at 21, 
27, or 30 MHz or 10 turns 
for operation at 50 MHz 
Ta=0 u t p u t transformer 
(slug-tuned) ; matches pre¬ 
amplifier to 72-ohm output 
lines (use of other than a 


72-ohm line between pre¬ 
amplifier output and re¬ 
ceiver input is not recom¬ 
mended) ; wound from #32 
copper enamel wire on slug- 
tuned form having ^4-inch 
outer diameter; primary, 
18 turns for operation at 
21, 27, or 30 MHz or 10 
turns for operation at 50 
MHz, secondary, 1% turns. 


Notes: 1. For operation at 21 or 27 MHz, use 6.8-pF 500-volt capacitors for Ci and C7 ; 

for operation at 30 MHz, use 6-pF 500-volt capacitors for Ci and C7 ; for operation 
at 50 MHz, use 5-pF 500-volt capacitor for Ci and 6.8-pF 500-volt capacitor for C7. 
2. See general considerations for construction of high-frequency and broadband circuits 
on page 675. 


Circuit Description (Cont'd) 

ampere. These small power require¬ 
ments can usually be provided by the 
receiver. 

Input transformer Ti matches 
the high input impedance of the pre¬ 
amplifier to a 72-ohm or 300-ohm an¬ 
tenna. When a 72-ohm antenna is 
used, the primary of Ti consists of 
a l^-turn link wound about the hot 
end of the secondary coil. For a 300- 
ohm antenna, a 3-turn link is used. 
The secondary of Ti is an 18-turn coil 
for operation at 10 or 15 meters or 
on the citizens band. At 6 meters, a 
10-turn secondary coil is used. The 
unit is normally connected to the an¬ 


tenna cable by means of a coaxial 
connector. If a balanced antenna sys¬ 
tem is used, however, terminal strips 
for the twin leads may be used instead 
of the coaxial connector. In this lat¬ 
ter case, the input link (primary of 
Ti) is not grounded. 

Nuvistors Vi and V 2 are operated 
in a stacked (cascode) arrangement 
in series with the B+ supply. The 
input is coupled by Ti to the control 
grid of Vi, which is essentially a 
grounded-cathode amplifier. The out¬ 
put of Vi is applied to the cathode of 
V 2 , which is basically a grounded- 
grid amplifier. The inherent stability 
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Circuit Description (Cont’d) 

of this type of arrangement, together 
with the ample decoupling and by¬ 
passing networks included in the 
circuit, provides assurance that the 
preamplifier will not break into os¬ 
cillation. 

The output of V 2 is developed 
across the primary coil of output 
transformer T 2 . This coil is identical 


to the secondary coil of input trans¬ 
former Ti. The secondary of T 2 con¬ 
sists of a l^-turn link about the pri¬ 
mary coil. This link matches the out¬ 
put of the preamplifier to a 75-ohm 
receiver input cable. (The maximum 
length of coaxial cable between re¬ 
ceiver and preamplifier should not 
exceed 12 inches.) 


29-7 CODE-PRACTICE OSCILLATOR 



Note: Any two terminals of the secondary of T 2 that give the desired tone may be 
selected. Adjustment of volume control may cause a slight change in tone. 


Ji=Input jack for key 
Ri=1500 ohms, 1 watt 
R 2 =Potentiometer, 0.1 
megohm, 0.5 watt 


Ti=Power transformer, 125 
volts rms, 15 ma; 6.3 volts, 
0.6 ampere 

T 2 =Output transformer, 
universal 


Parts List 

Ci, C2=20 /aF, electrolytic, 

150 V 

C3=0.001 /iF, paper, 200 V 
C4=0.03 /aF, paper, 200 V 
F=% ampere 

Circuit Description 

This code-practice oscillator op¬ 
erates from a 117-volt ac power line. 
When ON-OFF switch Si is closed, 
the 117-volt ac input power is stepped 
up to 125 volts across the upper sec¬ 
ondary winding of power transformer 
Ti and is stepped down to 6.3 volts 
across the lower secondary winding. 
The 6.3-volt winding provides the op¬ 
erating power for the heater of the 
6BJ8 twin diode-tride used in the cir¬ 
cuit. The diode sections of the 6BJ8 
are connected to operate as a single 
diode in a half-wave rectifier circuit 
that converts the ac power across the 


125-volt winding of Ti to dc operating 
power for the 6BJ8 triode section. 
This triode section is used as the am¬ 
plifier tube in a simple audio-oscilla¬ 
tor stage. 

Operation of the oscillator stage 
is controlled by a telegraph key, 
which is connected into the circuit by 
means of jack Ji. When the key is 
closed, the triode section of the 6BJ8 
supplies energy to the oscillator res¬ 
onant circuit formed by capacitor C 4 
and the effective inductance of the 
primary of output transformer T 2 . 
This circuit then resonates to pro- 
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29-7 

Circuit Description (Cont'd) 

duce an audio signal that is coupled 
by transformer T 2 to the speaker to 
produce an audible indication of the 
keying. Positive feedback to sustain 
oscillation is developed by the auto¬ 
transformer action of the tapped pri¬ 
mary of transformer T 2 . 

Output transformer T 2 is a uni¬ 
versal type which contains multiple 
taps on the secondary winding. These 
taps enable the transformer to match 
the oscillator output impedance to 


different values of speaker voice-coil 
impedance. The speaker impedance 
and transformer terminals used, how¬ 
ever, affect the effective inductance 
in the primary of Ti and, thus, the 
tone of the audio output. Volume- 
control potentiometer R 2 adjusts the 
level of the audio output. Adjustment 
of potentiometer R 2 varies the load¬ 
ing on the oscillator resonant circuit 
and may also cause a slight change 
in the tone of the audio output. 


29-8 INTERCOMMUNICATION SET 

With Master Unit and Two or More Remote Units 



Notes: 1. The leads from the LISTEN-TALK switch Si to Ti and T 2 should be kept as 
far apart as possible to prevent undesirable regenerative effects. 

2. Connections to the remote speaker units should be made with low-resistance 
wire, preferably with shielded “intercom” cable. 


Parts List 

Ci, Ca=0.0022 /iF, paper, 

200 V. 

C3=0.005 /iT, paper, 200 V. 

C 4 , Cs=60 (jlF , electrolytic, 

150 V. 

Fi=Fuse, 1 ampere 

Ri=Volume control, potenti¬ 
ometer, 0.5 megohm, audio 
taper, attached to switch S 3 

R 2 = 6.8 megohms, 0.5 watt 

R3, Ri=0.47 megohm, 

0.5 watt 

R 5=10000 ohms, 0.5 watt 


Re, R 7=68 ohms, 0.5 watt 
Rs =:2200 ohms, 1 watt 
Si=Talk-listen switch, 
double-pole, double-throw 
S 2 =Station Selector, rotary 
switch 

S 3 =On-off switch, single-pole, 
single-throw; attached to 
volume-control potentiom¬ 
eter 

SPi, SP 2 , SP 3 =Speaker ; per¬ 
manent-magnet ; voice-coil 
impedance, 3 to 4 ohms 


Ti=Input transformer, 4-ohm 
primary, 25000-ohm second¬ 
ary, Knight 54A1492 or 
equiv. 

T 2 =Output transformer, 3000- 
ohm primary, 4-ohm sec¬ 
ondary, Knight 54A2371 or 
equiv. 

T 3 =Power transformer, 125 
volts rms, 50 mA., 6.3 volts 
rms. 2 amperes, Knight 
54A1411 or equiv. 
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Circuit Description 

This simple “intercom” set can 
be used to achieve reliable voice com¬ 
munications, at normal speaking lev¬ 
els, between any two points in a 
normal-size house. The system con¬ 
sists of a master unit, centrally lo¬ 
cated at the hub of household activity, 
interconnected by low-loss cabling to 
remote units located at points (e.g., 
garage, attic, and cellar) beyond the 
range of normal voice levels. An au¬ 
dio amplifier, which includes a 6AV6 
voltage-amplifier stage and a 6EH5 
power-output stage, provides the am¬ 
plification necessary to overcome the 
attenuation of voice levels by system 
cabling. A 6X4 half-wave rectifier 
circuit converts the 117-volt ac input 
power to the dc power required for 
operation of the amplifier stages. A 
6.3-volt secondary winding on the 
power transformer (T 3 ) in the recti¬ 
fier circuit provides heater power for 
the amplifier and rectifier tubes. 

The speaker at each intercom 
station is used for both talk and lis¬ 
ten functions. The talk-listen switch 
Si at the master location establishes 
the talk or listen mode for all sta¬ 
tions. The voice communications are 
initiated from the master unit. Switch 
Si is depressed to the TALK position, 
and the initiator talks into the mas¬ 
ter-unit speaker. The audio (voice- 
signal) voltage that is then developed 
across the speaker voice coil is cou¬ 
pled by input transformer Ti to the 
control grid of the 6AV6 audio am¬ 
plifier. Selector switch S 2 connects 


the desired remote unit into the in¬ 
tercom system. With Si depressed to 
the TALK position, the remote unit 
speaker is automatically connected 
to the audio amplifier output for lis¬ 
ten-mode operation. When Si is in 
the LISTEN position, the master-unit 
speaker is connected in the listen 
mode, and the remote-unit speaker is 
connected to the amplifier input. A 
reply from the remote unit is then 
coupled from the remote speaker by 
transformer Ti to the control grid of 
the 6AV6 audio amplifier. 

Transformer Ti matches the 
voice-coil impedance of the 4-ohm 
permanent-magnet speaker (of either 
master or remote unit) to the 25000- 
ohm input impedance of the 6AV6 
amplifier stage. This stage and the 
6EH5 audio output stage amplify the 
audio (voice) signals received from 
one location (the master unit or one 
of the remote units) to develop the 
audio power required to produce an 
audible output from the speaker at 
another location. Output transformer 
T 2 matches the 3000-ohm plate-circuit 
impedance of the output stage to the 
4-ohm voice-coil impedance of the 
speaker (master-unit or remote-unit) 
to which the communication is di¬ 
rected, as determined by the settings 
of switches Si and S 2 . The VOL. 
CO NT. potentiometer Ri in the input 
circuit of the 6AV6 audio amplifier 
stage provides the volume-control ad¬ 
justment for the system. 


29-9 HIGH-FIDELITY AUDIO AMPLIFIER 

Class ABi; Power Output, 15 Watts 


Circuit Description 

This high-fidelity audio power 
amplifier can deliver 15 watts of rms 
output power with less than 0.4 per 
cent total harmonic distortion and 
less than 1.5 per cent intermodular on 
distortion. The frequency response of 
the amplifier is flat within ±0.5 dB 
from 20 Hz to 60 kHz, and the sensi¬ 


tivity is such that the rated output of 
15 watts is obtained for an input of 
1.2 volts rms. The total hum and 
noise, with the input shorted, is 84 
dB below 15 watts. The circuit op¬ 
erates from a 117-volt ac power line. 
The transformer-coupled ac input 
power is /converted to dc operating 
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29-9 HIGH-FIDELITY AUDIO AMPLIFIER (Cont’d) 



Parts List 

Ci=40 /iF, electrolytic, 450 V. 

C 2 , C 4 , C5=0.25 fiF, paper, 

400 V. 

C3=3.3 pF, ceramic or mica, 
600 V. 

Co=150 pF, ceramic or mica, 
400 V. 

C 7 , Cs=0.05 fiF, paper, 

400 V. 

Co=0.02 /jlF, paper 600 V. 

Cio=100 fiF, electrolytic, 

50 V. 

Cn=80 fi F, electi'olytic, 

450 V. 

012=40 fiF, electrolytic, 

450 V. 

Fi=Fuse, 3 amperes 

Li=Choke, 3 H, 160 mA, de 
resistance 75 ohms or less. 
Triad C-13X or equiv. 


Ri=Volume control, potenti¬ 
ometer, 1 megohm 
R 2=10000 ohms, 0.5 watt 
R,3=0.82 megohm, 0.5 watt 
R4=820 ohms, 0.5 watt 
Rr»=0.22 megohm, 0.5 watt 
R«, R7=15000 ohm ±5 per 
cent, 2 watts 
Rs=3900 ohms, 2 watts 
Ro, Rio=0.1 megohm, 

0.5 watt 

Rii, Ri2=1000 ohms, 0.5 watt 
Ria, Rii= 100 ohms, 0.5 watt 
Riu=8200 ohms, 0.5 watt 
Rig= 15000 ohms, 1 watt 
Ri 7 zr68000 ohms, 0.5 watt 
Ris=4700 ohms, 2 watts 
Ri9z=0.27 megohm, 1 watt 
Ri!o=47000 ohms, 0.5 watt 


R 2 i=Hum balance adjust¬ 
ment, potentiometer, 100 
ohms, 0.5 watt 
SRi=Selenium rectifier, 20 
mA, 135 volts rms 
Ti=Output transformer, 
(having 8-ohm tap for feed¬ 
back connection) for match¬ 
ing impedance of voice coil 
to 6600-ohm plate-to-plate 
tube load; 50 watts ; fre¬ 
quency response, 10 to 50000 
Hz ; Stancor A-8056 or 
equiv. 

T 2 =Power transformer, 
360-0-360 volts rms, 120 
mA ; 6.3 V., 3.5 A ; 5 V., 

3 A ; Stancor 8410 or equiv. 
(see Note 1) 


Notes: 1. For stereo operation from a single power supply, the power transformer T 2 must 
be replaced by one that has a higher current rating. A Stancor Type 6315 or 
equivalent (370-0-370 volt rms, 275 mA) is recommended. 

2. If the amplifier oscillates ?pr “motorboats,” reverse ground and feedback connec¬ 
tions in secondary of outptit transformer Ti. 
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Circuit Description (Cont’d) 

power for the amplifier stages by the 
5BC3 full-wave rectifier. Heater pow¬ 
er for the amplifier tubes and the 
rectifier are obtained from the 6.3- 
volt and 5-volt secondary windings, 
respectively, on the rectifier power 
transformer (T 2 ). 

A high-gain pentode voltage 
amplifier is used as the input stage 
for the audio power amplifier. The 
output of this stage is direct-coupled 
to the control grid of a triode split¬ 
load type of phase inverter. The use 
of direct coupling between these 
stages minimizes phase shift and, 
consequently, increases the amount of 
inverse feedback that may be used 
without danger of low-frequency in¬ 
stability. A low-noise 7199 tube, 
which contains a high-gain pentode 
section and a medium-mu triode sec¬ 
tion in one envelope, fulfills the 
active-component requirement for 
both the pentode input stage and the 
triode phase inverter. Potentiometer 
R t in the input circuit of the 7199 
pentode section is the volume control 
for the amplifier. 

The plate and cathode outputs of 
the phase inverter, which are equal in 
amplitude and opposite in phase, are 
used to drive a pair of pentode-con¬ 
nected 6973 beam-power tubes used 
in a class AB X push-pull output stage. 
The 6973 output tubes are biased for 
class ABi operation by the fixed nega¬ 
tive voltage applied to the control- 
grid circuit from the rectifier circuit. 
Fixed bias is used because a class AB 
amplifier provides highest efficiency 


and least distortion for this bias 
method. 

Transformer T x couples the audio¬ 
amplifier output to the speaker. The 
taps on the secondary of this trans¬ 
former match the plate-to-plate im¬ 
pedance of the output stage to the 
voice-coil impedance of an 8- or 16- 
ohm speakers Negative feedback of 
19.5 dB is coupled from the secondary 
of the output transformer (speaker 
voice coil) to the cathode of the input 
stage to reduce distortion and to im¬ 
prove circuit stability. 

Fixed-bias operation of the out¬ 
put stage requires that the power 
supply provide very good voltage 
regulation because the plate current 
of the 6973 tubes varies considerably 
with the signal level. The conven¬ 
tional choke-input type of power 
supply used provides the required 
regulation. The fixed bias for the out¬ 
put stage is obtained from one-half 
the high-voltage secondary winding 
of power transformer T 2 through a 
capacitance-resistance voltage divider 
and the 20-milliampere, 135-volt 
selenium rectifier. Potentiometer R 2X 
connected across the 6.3-volt second¬ 
ary winding of transformer T 2 pro¬ 
vides a hum balance adjustment for 
the audio power amplifier. The wiper 
arm of this potentiometer is con¬ 
nected to the junction of a resistive 
voltage divider across the output of 
the power supply. The resulting posi¬ 
tive bias voltage applied to the tube 
heaters minimizes heater-to-cathode 
leakage and substantially reduces 
hum. 


29-10 HIGH-FIDELITY AUDIO AMPLIFIER 

Class ABi; Power Output, 30 Watts 


Circuit Description 

This audio power amplifier can 
deliver 30 watts of rms output power 
with less than 0.7 per cent total har¬ 
monic distortion and less than 1.5 
per cent intermodulation distortion. 
The frequency response of the ampli¬ 
fier is flat within ±0.5 dB from 15 


Hz to 40 kHz. The total hum and 
noise, with the input shorted, is 85 
dB below 30 watts. The rated output 
of 30 watts is obtained for an input 
of 1 volt rms. 

The 30-watt amplifier is essen¬ 
tially identical to the 15-watt ampli- 
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29-10 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 



Parts List 

Ct=:25 fiF, electrolytic, 50 V 
C.i=22 pF, ceramic or mica, 
600 V 

O.=80 fiF, electrolytic, 450 V 
Ci, Cr,=0.Z5 /jlF, paper, 600 Y 
Co—0.01 fiF, paper, 600 V 
C7, Cs=0.05 /iF, paper, 600 V 
C», Cn—40 fiF, electrolytic, 
500 V 

Cio=100 fiF, electrolytic, 50 V 
Ci2=20 fiF, electrolytic, 

450 V 

Fi=Fuse, 3 amperes, 150 V 
Ri=Volume control, poten¬ 
tiometer, 1 megohm 
Rl>= 10000 ohms, 0.5 watt 
R;i—0.22 megohm, 0.5 watt 


Ri=820 ohms, 0.5 watt 
Ra=10 ohms, 0.5 watt 
R«=0.18 megohm, 0.5 watt 
R 7 , Rs=15000 ohms ±;5 per 
cent, 2 watts 
Ro=1000 ohms, 0.5 watt 
Rio=22000 ohms, 0.5 watt 
Ru=:2000 ohms, 2 watts 
Ril>, Rjy=0.1 megohm, 0.5 
watt 

Rn, Rir.=1000 ohms, 0.5 watt 
Rio, Ri7=56 ohms, 0.5 watt 
Ris=270 ohms, 0.5 watt 
Rio=Hum balance adjust¬ 
ment, potentiometer, 100 
ohms, 0.5 watt 
Rao=220 ohms, 10 watts 


R:u=50 ohms, 10 watts 
Rai>=10000 ohms, 2 watts 
Ti=Output transformer (hav¬ 
ing 16-ohm tap for feedback 
connection) for matching 
impedance of voice coil to 
6600-ohm plate-to-plate 
tube load ; 50 watts ; fre¬ 
quency response, 10 to 
50000 Hz ; StaTncor A-8056 
or equiv. 

T»=Power transformer, 375- 
0-375 volts rms, 160 mA ; 
6.3 V., 5 A ; 5 V., 3 A ; 
Thordarson type T22R33 or 
equivalent (see Note 1). 


Notes: 1. For stereo operation from a single power supply, the power transformer Ta must 
be replaced by one that has a higher current rating. A Stancor Type 6315 or 
equivalent (370-0-370 volts rms, 275 mA) is recommended. 

2. If amplifier oscillates or “motorboats,” reverse ground and feedback connections 
in secondary of output transformer Ti. 



696 


RCA Receiving Tube Manual 


29-10 HIGH-FIDELITY AUDIO AMPLIFIER (Cont’d) 


Circuit Description (Cont’d) 

fier (circuit 29-9) except that it uses 
7868 beam power tubes in the out¬ 
put stage to develop the higher audio 
power output and uses a resistive 
network in the negative leg of the 
power supply, rather than a separate 


rectifier, to supply the fixed-bias 
voltage for the output stage. A po¬ 
tentiometer (Rio) connected across 
the 6.3-volt heater winding also pro¬ 
vides the hum balance adjustment 
for the 30-watt amplifier. 


29-11 HIGH-FIDELITY AUDIO AMPLIFIER 

Class ABi; Power Output, 50 Watts 



Preliminary Adjustments 

The following adjustments should be mpde before operation: 

(1) With rectifier out of socket, adjust Bias Adj. R 33 for —40 volts between the wiper 
arm and ground bus. 

(2) With speaker connected, adjust Screen-Grid Voltage Adj. R 39 for 400 volts between 
pin 3 of 6GF7 and ground bus. 

(3) With input shorted, adjust Hum Bal. Adj. Rso for minimum hum from speaker. 

(4) With input open and Vol. Cont. set for maximum volume, adjust Bal. Cont. R 17 for 
minimum hum from speaker. 
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29-11 HIGH-FIDELITY AUDIO AMPLIFIER (Cont’d) 


Parts List 

Ci, C2=40 fiF, electrolytic, 

450 V 

C3, 04=0.02 fiF, paper, 400 V 
Cs, Cn=l fiF, paper, 400 V 
07=0.002 fiF to 4-ohm tap ; 
0.0015 fiF to 8-ohm tap ; or, 
0.001 fiF to 16-ohm tap ; 
paper, 400 V 

Cs, Co=0.05 fiF, paper, 600 V 
Cio=20 fiF , electrolytic, 

450 V 

Cn=100 fiF, electrolytic, 

150 V 

Ci2=40 fiF, electrolytic, 

450 V 

Fi=Fuse, 5 amperes 
Li=Choke, 8 H, 250 mA, dc 
resistance 60 ohms, or less 
Ri=Volume control, potenti¬ 
ometer, 0.5 megohm 
R2=4700 ohms, 0.5 watt 
R3=0.82 megohm, 0.5 watt 
R<t=0.22 megohm, 0.5 watt 
Rb= 820 ohms, 0.5 watt 
Ro=10 ohms, 0.5 watt 
R 7 Rs= 16000 ohms, 2 watts 
Re, Rio=1.5 megohms, 

0.5 watt 

Rn=33000 ohms, 2 watts 


R 12 , Ri4=1.3 megohms, 

0.5 watt 

Ri3=47 ohms, 0.5 watt 
Ri5, Rio= 0.15 megohm, 

0.5 watt 

Ri 0 , Ris=390 ohms, 0.5 watt 
Ri7=AC balance control, po¬ 
tentiometer, 500 ohms 
R2o=0.15 megohm, 1 watt 
R 21 , R24=0.33 megohm, 

1 watt 

R 22 . R23=0.12 megohm, 

2 watts 

R 25 , R2o= 0.1 megohm, 

0.5 watt 

R 27 , R28=4700 ohms, 

0.5 watt 

R 20 —600 ohms to 4-ohm tap ; 
820 ohms to 8-ohm tap ; or, 
1200 ohms to 16-ohm tap ; 
0.5 watt 

Rao=Hum balance adjust¬ 
ment, potentiometer, 100 
ohms 

R 3 i= 0.12 megohm, 5 watts 
R32, R34, Rar>, R37 —33000 
ohms. 2 watts 

R33=Bias adjustment, poten¬ 
tiometer 50000 ohms, 


R 30 = 0 .27 megohm, 0.5 watt 
R.38=10000 ohms, 1 watt 
Ra9=Screen-grid voltage ad¬ 
justment, potentiometer, 
25000 ohms, 2 watts 
R4o=15000 ohms, 2 watts 
R 4i=l 2000 ohms, 2 watts 
R42=0.22 megohm, 2 watts 
R43=22000 ohms, 2 watts 
SRi=Selenium rectifier, 20 
mA, 135 volts rms 
Ti=Output transformer for 
matching impedance of 
voice coil to 5000-ohm 
plate-to-plate tube load ; 50 
watts ; frequency response, 
10 to 50000 Hz ; United 
Transformer Corp. LS6L4 
or equiv. (see Note 1) 
T 2 =Power transformer, 
600-0-600 volts rms, 200 
mA, 6.3 V., 5 A ; 5 V., 

3 A ; Thor'*"’-°2R36 or 

equiv. (see Note 2) 
T3=Filament transxormer, 

6.3 volts, center tapped, 

1 ampere; Thordarson 
21F08 or equiv. 


Notes: 1 . In many applications, less expensive transformers, such as Stancor Type A8053 
or United Transformer Corporation Type S-17, which have a narrower frequency 
response, may be used for Ti with satisfactory results. 

2. For stereo operation from a single power supply, the following changes are re¬ 
quired : (a) The power transformer T 2 must be replaced by one that has a higher 
current rating; a Freed Transformer Corporation Type DC6A or equivalent (600- 
0-600 volts rms, 300 mA) is recommended, (b) The 50000-ohm Bias Adj. potenti¬ 
ometer R33 should be replaced by two 100000-ohm potentiometers (one for each 
channel) connected in parallel, (c) A second 5R4-GYB rectifier tube should be 
connected in parallel with the one used for monaural operation. (Connect the 
5R4-GYB tubes so that the two sections of each tube are in parallel with the 
corresponding sections of the other tube; do not use separate tubes for each 
section of the rectifier circuit.) 

3. If the amplifier oscillates or “motorboats,” reverse ground and feedback connec¬ 
tions in secondary of output transformer Ti. 


Circuit Description 

This four-stage audio power 
amplifier can deliver 50 watts of rms 
power output with less than 0.1 per 
cent total harmonic distortion and 
less than 1 per cent intermodulation 
distortion. The frequency response 
of the amplifier is flat within ±0.5 
dB from 10 Hz to 50 kHz. Sensitivity 
is 0.4 volt rms input for 50 watts 
output. The total hum and noise is 
70 dB below 50 watts. 

The 50-watt amplifier, like the 
15-watt and 30-watt high-fidelity 
amplifiers (circuits 29-9 and 29-10), 
uses a 7199 low-noise triode-pentode 
as an input amplifier and phase- 
splitter, but has a push-pull driver 
stage, which uses 6CB6 sharp-cutoff 
pentodes. The superior performance 
of this amplifier can also be attrib¬ 
uted, in part, to the use of a 450-volt 
plate supply and a 400-volt electron¬ 
ically regulated grid-No. 2 supply 


for the 7027A beam power tubes in 
the output stage and to the use of 
inverse-feedback loops from the plates 
to the grids of the output tubes, from 
the plates of the output tubes to the 
cathodes of the driver tubes, and 
from the voice-coil winding of the 
output transformer to the cathode of 
the input amplifier. Additional fea¬ 
tures are the operation of all heaters 
at a positive voltage with respect to 
ground and use of a balancing adjust¬ 
ment (Rso) in the heater-supply cir¬ 
cuit to minimize hum, a grid-No. 2 
voltage adjustment (R 3 o), a grid-No. 
1 bias adjustment (R 33 ) for the 7027A 
output tubes, and an ac-balance 
adjustment (Ri 3 ) which may be used 
to balance the outputs of the push- 
pull stages. Operation of the 50-watt 
amplifier is essentially the same as 
that of the 15- and 30-watt amplifiers. 
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29-12 TWO-CHANNEL STEREOPHONIC AMPLIFIER 

Power Output, 1 Watt Each Channel 



Ci, C3=0.22 /iF, paper, 

400 V 

C2=0.1 /jlF, paper, 400 Y 
C 4 , Cs=50 /tF, electrolytic, 

25 V 

Ce=50 fiF, electrolytic, 150 V 
Cr, C8=50 /aF .electrolytic, 
150 V 

Fi=Fuse, 3 amperes 


Ri, Rn = Volume control po¬ 
tentiometer, 1.5 megohms, 
ganged, audio taper 
R 2 = 0.22 megohm, 0.5 watt 
Rt, Rr, = 47000 ohms, 0.5 
watt 

R<i = 12 ohms, 1 watt 
R 7 = Balance control, po¬ 
tentiometer, 2 megohms, 
audio taper 


Rs, Ri> = 60 ohms, 1 watt 
Rio = 280 ohms, 2 watts 
R 11 = 220 ohms, 2 watts 
Si = ON-OFF switch, single¬ 
pole, single-throw 
Ti, T 2 = Output transformer 
for matching impedance of 
voice coil to 3000-ohm tube 
load ; Triad S-16X or equiv. 


Circuit Description 

This ac/dc two-channel (stereo) 
amplifier operates from either an ac 
power line or dc supply of 117 volts. 
AC power inputs are converted to dc 
power by the 1N1763 silicon-diode 
half-wave rectifier circuit. The 
heaters of the 60FX5 power pentodes 
(one for each channel) used in the 
amplifier are connected in series 
directly across the input power line. 

In stereo units that use high- 
output ceramic stereo cartridges, the 
high power sensitivity of the 60FX5 
tubes at low supply voltage elimi¬ 
nates the need for preamplifier 
stages. The 60FX5 provides a power 
output of 1.3 watts to a 3000-ohm 
transformer primary with only 3 
volts peak drive on grid No. 1. With 
a transformer having a good imped¬ 
ance match and 85-per-cent efficien¬ 
cy, each channel of the stereo ampli¬ 
fier supplies 1.1 watts of useful 
power output at the speaker. 

No special mounting or layout 


precautions are necessary for this 
amplifier other than the value and 
placement of the isolating capacitor 
C- between B— and the chassis. This 
capacitor should be connected to the 
same point on the chassis at which 
the common cartridge lead is tied. 
A value of 0.1 microfarad for the 
isolating capacitor is suggested so 
that full output is obtained from the 
pickup. 

As with all single-ended ampli¬ 
fier circuits, especially ac/dc units, 
adequate screen-grid bypassing is 
necessary to minimize hum. Screen- 
grid filtering is obtained through use 
of a 220-ohm dropping resistor R» and 
a 50-microfarad electrolytic capacitor 
C«. Although, in the circuit shown, 
separate cathode-bias resistors are 
used for better dynamic balance, a 
single 30-ohm common cathode-bias 
resistor bypassed with a 50-micro¬ 
farad electrolytic capacitor may also 
be used. 
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29-13 MICROPHONE AND PHONOGRAPH AMPLIFIER 

Power Output, 8 Watts 



Parts List 


Ci, C 2=100 pF, disc-ceramic, 
300 V 

Ca=0.05 fiF, paper, 200 V 
C 4=8 fiF, electrolytic, 450 V 
C5=16 fiF, electrolytic, 450 V 
Co=25 fiF, electrolytic, 450 V 
C7=0.1 /iF, paper, 200 V 
Cs=0.001 fiF, disc-ceramic, 
300 V 

Co=0.01 /iF, disc-ceramic, 

300 V 

Cio=470 pF, disc-ceramic, 
300 V 

Cn=4700 pF, disc-ceramic, 
300 V 

Ci 2=4 fiF, electrolytic, 450 V 
Ci3=0.05 fiF , paper, 600 V 
Cu=25 fiF, electrolytic, 25 Y 
Ci 5 , Cm, Ci 7=20 fiF, electro¬ 
lytic, 450 V 
Fi=Fuse, 1 ampere 
Ji^Jack for high-impedance 


crystal microphone input ; 
max. input: 2 millivolts 
peak 

J 2 =Jack for crystal phono- 
pickup input 
Li^Filter choke, 5 H, 

200 mA, United Trans¬ 
former Corp. R20 or equiv. 
Ri, Ri <>=10000 ohms, 0.5 watt 
R 2 =Volume Control, potenti¬ 
ometer, 1 megohm 
R:i=2.2 megohms, 0.5 watt 
Ri, Rs, R 2 o= 0.22 megohm, 

0.5 watt 

Rs==27000 ohms, 0.5 watt 
Rc=1200 ohms, 0.5 watt 
Rt, Ri 3 = 0.1 megohm, 

0.5 watt 

Ro, Rii=Tone control, po¬ 
tentiometer, 0.5 megohm 
Rio=22000 ohms, 0.5 watt 
Ri 2=12000 ohms, 0.5 watt 


Ri4=1800 ohms, 0.5 watt 
Ris=0.47 megohm, 0.5 watt 
Ri7=0.15 megohm, 0.5 watt 
Ri8=180 ohms, 2 watts 
Rio=47000 ohms, 1 watt 
R2i=50 ohms, 10 watts 
R 22=8200 ohms, 2 watts 
Si=Microphone-phonograph 
selector ; wafer switch ; 
single-pole, double-throw 
Sl>=ON-OFF switch, single¬ 
pole, single-throw 
Ti=Power transformer, 300- 
0-300 V., 90 mA. ; 6.3 V., 
3.5 A., center tapped ; 5 V., 
2 A, Thordarson 22R04 or 
equiv. 

Ta=Output transformer for 
matching impedance of 
voice coil to 4000-ohm tube 
load ; 10 watts ; United 
Transformer Corp. S14 or 
equiv. 


Circuit Description 

This microphone and phonograph 
amplifier can deliver up to 8 watts of 
audio output power for an input of 
200 millivolts rms at J 2 (phonograph 
input) or an input of 6.8 millivolts 
rms at Ji (microphone input). The 
amplifier uses a 6EU7 twin-triode 
input amplifier, a 6AV6 driver stage, 


and a 6L6GC single-ended output 
stage to increase the signal power 
from a high-impedance crystal micro¬ 
phone or crystal phonograph pickup 
to the desired level. The transformer- 
coupled ac input power is converted 
to dc operating power for these 
stages by a 5Y3GT full-wave recti- 
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29-13 MICROPHONE AND PHONOGRAPH 

AMPLIFIER (Cont'd) 


Circuit Description (Cont'd) 

fier circuit. A 5-volt winding on 
power transformer T\ provides the 
heater power for the rectifier tube, 
and a 6.3-volt winding provides 
heater power for the other tubes in 
the amplifier. The center tap on the 
6.3-volt winding is connected to the 
junction of a resistive voltage divider 
(Rii) and R- 0 ) across the output of the 
power supply. The resulting positive 
bias applied to the tube heaters sub¬ 
stantially reduces heater-to-cathode 
leakage and, consequently, minimizes 
hum. 

The signals from a crystal micro¬ 
phone are usually much smaller than 
those from a crystal phonograph 
pickup. Microphone signals, there¬ 
fore, are amplified by both sections 
of the 6EU7 twin-triode amplifier. 
The signals are coupled from Ji to 
the pin 5 control grid of the 6EU7. 
The plate output from this triode 
section is then coupled through 
switch Si (microphone position) and 
volume-control potentiometer R- to 


the pin 8 control grid of the 6EU7. 
With selector switch Si in the phono¬ 
graph position, phonograph inputs 
are coupled directly from J 2 across 
volume-control potentiometer R 2 to 
the pin 8 control grid, and the first 
section of the 6EU7 is bypassed. 

The outputs from the pin 7 plate 
of the 6EU7 are coupled across the 
frequency-sensitive tone-control net¬ 
work to the control grid of the 6AV6 
driver stage. The bass and treble 
controls R<> and Rn are adjusted to 
assure optimum low- and high-fre¬ 
quency response characteristics for 
the amplifier. The two diode plate 
sections of the 6AV6 are shorted to 
the tube cathode and thereby are 
made inoperative. The output of the 
driver stage is applied to the 6L6GC 
output stage which develops the 
audio power required to drive a 
speaker. Transformer T 2 matches the 
4000-ohm plate impedance of the out¬ 
put stage to the speaker voice-coil 
impedance. 


29-14 TWO-CHANNEL AUDIO MIXER 


Voltage Gain from Each Grid of 6EU7 to Output is Approximately 20 



Parts List 

Ci=10 fiF, electrolytic, 25 V 
C2=0.05 /iF, paper, 400 V 
Ri, Rr>, Rs=l megohm. 


0.5 watt 

Rl» Re=0.1 megohm, 
0.5 watt 


R:5, R7=Potentiometers, 0.1 
megohm, audio taper 
Ri=1200 ohms, 0.5 watt 
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TWO-CHANNEL AUDIO MIXER (Cont'd) 


29-14 

Circuit Description 

This high-fidelity mixer circuit 
can be used to combine audio-fre¬ 
quency program material from two 
sources. Each signal channel consists 
of a one-stage voltage amplifier 
using one section of a 6EU7 low- 
noise twin-triode. Each section of 
the mixer can provide a voltage gain 


of about 20, and can handle an input 
signal of about 0.2 volt rms without 
overloading. The dc plate supply of 
+250 volts (nominal value) for the 
mixer stages can usually be obtained 
from an auxiliary tap on the power 
supply for the audio power amplifiers. 


29-15 PHONOGRAPH AMPLIFIER 

Power Output, 1 Watt 



Parts List 

Ci=0.082 fiF, paper, 400 V 
C2=0.02 fiF, paper, 400 V 
C:i, C^=40 ix F, electrolytic, 

150 V 

Fi=Fuse, 1 ampere 
Ji=Input connector, shielded, 
for crystal phonograph 


pickup 

Ri=0.22 megohm, 0.5 watt 
Ri>=Volume control, potenti¬ 
ometer, 0.5 megohm, 
audio taper 

Ra=10000 ohms, 0.5 watt 
R<=22 ohms, 0.5 watt 


Ro=210 ohms, 10 watts 
R«, R7=56 ohms, 0.5 watt 
Rs=3300 ohms, 1 watt 
Ti=Output transformer for 
matching impedance of 
voice coil to 3000-ohm 
tube load 


Circuit Description 

This single-stage phonograph 
amplifier operates directly from 
either an ac power line or a dc supply 
of 117 volts. AC power inputs are 
converted to dc power by the 35W4 
half-wave rectifier circuit. The heat¬ 
ers of the amplifier and rectifier tube 
are connected in series, together with 
a 210-ohm voltage-dropping resistor, 
R 5 , directly across the input power 
line. 

The amplifier uses a 50EH5 


power pentode to develop up to 1 
watt of audio output power from the 
input supplied from a crystal phono¬ 
graph pickup. The input is applied at 
Ji and coupled through a length of 
shielded cable to the input circuit of 
the pentode amplifier. Volume-control 
adjustment for the amplifier is pro¬ 
vided by potentiometer R-. The out¬ 
put coupling transformer Ti matches 
the 3000-ohm plate load impedance 
of the 50EH5 to the voice-coil im¬ 
pedance of the speaker. 
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29-16 PREAMPLIFIER FOR MAGNETIC PHONOGRAPH PICKUP 

With RIAA Equalization 
r 9 



Sensitivity=3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz. 


Parts List 

Ci, Ci=25 /zF, electrolytic, 
25 Y 

C-j, Cs=20 ytzF, electrolytic, 

450 V 

C3=0.1 /iF, paper, 600 V 
Cc=0.0033 juF±5 per cent, 
paper, 600 V 
C 7 —0.01 /LtFdt5 per cent, 
paper, 600 V 


Cs=180 pF±5 per cent, 
ceramic or mica, 500 V 
(includes capacitance of 
output cable) 

Co=0.22 /zF, ceramic, 500 V 

J=Input connector, shielded, 
for high-impedance mag¬ 
netic phono pickup (10 mV 
output, approx.) 

Ri=Value depends on type 


of magnetic pickup used. 
Follow pickup manufac¬ 
turer’s recommendations 
Rii, 3*7=2700 ohms, 0.5 watt 
R.!, Rr>=0.1 megohm, 0.5 watt 
R4=39000 ohms, 0.5 watt 
Rg=0.47 megohm, 0.5 watt 
R 8 =0.68 megohm, 0.5 watt 
Ro=15000 ohms, 1 watt 
Rio=22000 ohms, 0.5 watt 


Circuit Description 

This two-stage audio preamplifier 
is intended for use with high-fidelity 
magnetic phonograph pickups. The 
two amplifier stages provide an over¬ 
all circuit gain of approximately 150. 
The 7025 twin triode used in the 
circuit features exceptionally low 
hum and noise and is designed es¬ 
pecially for use in high-fidelity cir¬ 
cuits that operate at low signal 
levels. The preamplifier is ideally 
suited for use as the low-level input 
stage for audio power amplifiers such 
as the 50-watt unit, circuit 29-11. For 
use with audio power amplifiers such 
as the 15- and 30-watt units, circuits 
29-9 and 29-10, which require higher 
input signals, another low-level am¬ 
plifier (e.g., the tone-control ampli¬ 
fier, circuit 29-20) must be inserted 
between the preamplifier and the 


power amplifier to obtain the full 
rated output. The heater and dc 
operating power required for the pre¬ 
amplifier can usually be obtained 
from the power-supply circuit for the 
power amplifier. 

The audio signal from the phono¬ 
graph pickup is applied to J and 
coupled through a length of shielded 
cable to the control grid of the input 
stage of the preamplifier. The inter¬ 
stage coupling between the two am¬ 
plifier sections of the preamplifier 
includes an RIAA equalization net¬ 
work (R,o and C G ). This network com¬ 
pensates for the Orthophonic record¬ 
ing characteristic* introduced into a 
record disc by the manufacturer. The 
output from the preamplifier is 
coupled from the plate of the second 
stage by output coupling capacitor 
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2946 PREAMPLIFIER FOR MAGNETIC 

PHONOGRAPH PICKUP (Cont’d) 


Circuit Description (Cont’d) 

C 0 to the input of a tone-control 
amplifier (if used) or directly to the 
input of the power amplifier. Because 
of its relatively high output imped¬ 
ance, the preamplifier is recom¬ 
mended for use in systems in which 
the preamplifier is mounted on the 
same chassis as the power amplifier 
and/or tone-control amplifier. The 
preamplifier may be used at distances 
up to 6 feet from the following am¬ 
plifier provided that the capacitance 
of capacitor C 8 is reduced approxi¬ 
mately 30 picofarads for each foot 
of shielded cable used for the audio¬ 
frequency connection between the 
preamplifier and the following ampli¬ 
fier. 


* To achieve wide frequency and dy¬ 
namic ranges, manufacturers of com¬ 
mercial recordings use equipment 
which introduces a non-uniform re¬ 
lationship between amplitude and 
frequency. This relationship is known 
as a “recording characteristic.” To 
assure proper reproduction of a high- 
fidelity recording, therefore, some 
part of the reproducing system must 
have a frequency-response character¬ 
istic which is the inverse of the re¬ 
cording characteristic. Most manu¬ 
facturers of high-fidelity recordings 
use the RCA “New Orthophonic” 
(RIAA) characteristic for discs and 
the NARTB characteristic for mag¬ 
netic tape. 


29-17 HIGH-FIDELITY PREAMPLIFIER FOR TAPE-HEAD PICKUP 

With NARTB Equalization 


R 6 r I4 



put for output of 0.55 volt at frequency of 1000 Hz. 


fit, - 

. / 

v/2=40 fi F, electrolytic, 

450 V 

C3=0.1 fiF, ceramic, 400 V 
C^=25 fi F, electrolytic, 25 V 
Cs=0.22 fiF , ceramic, 400 V 
Ce=0.015 juF, ceramic, 400 V 
C7=25 jjlF, electrolytic, 25 V 


Cs=0.22 /iF, ceramic, 400 V 
Co=40 /xF, electrolytic, 450 V 
Cio=0.47 fiF, ceramic, 400 V 
Ri—1 megohm, 0.5 watt 
Rs—0.1 megohm, 0.5 watt 
R3=1000 ohms, 0.5 watt 
Riz=0.47 megohm, 0.5 watt 
Ro=0.22 megohm, 0.5 watt 
Re=22000 ohms, 0.5 watt 


R 7 =3300 ohms, 0.5 watt 
Rs=:3.3 megohms, 0.5 watt 
Rs>=1500 ohms, 0.5 watt 
Rio—0.1 megohm, 0.5 watt 
Rn=1500 ohms, 0.5 watt 
Ri2=15000 ohms, 0.5 watt 
Ri3=0.47 megohm, 0.5 watt 
Ri4=4700 ohms, 0.5 watt 
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29-17 HIGH-FIDELITY PREAMPLIFIER FOR 

TAPE-HEAD PICKUP (Cont’d) 


Circuit Description 

This three-stage preamplifier 
provides the amplification necessary 
to increase the output from a tape- 
head pickup to the level required to 
drive an audio power amplifier. The 
circuit uses a 5879 low-noise sharp- 
cutoff pentode in a high-gain input 
voltage amplifier, one section of a 
7025 twin triode in a second voltage 
amplifier, and the other section of the 
7025 in a cathode-follower output 
stage. Because of the low-impedance 
cathode-follower output circuit, the 
preamplifier may be installed at dis¬ 
tances up to 50 feet from the follow¬ 
ing stage (tone-control or power 
amplifier) without adverse effect 
upon its frequency-response charac¬ 
teristics. The preamplifier is intended 
for use as the low-level input stages 
for an audio power amplifier, such as 
the 50-watt unit (circuit 29-11) or, 
when followed by another low-level 
amplifier (e.g., the tone-control am¬ 
plifier, circuit 29-20) the 15- or 30- 
watt unit (circuit 29-9 or 29-10). 


The heater and dc operating power 
for the preamplifier can usually be 
obtained from the power supply for 
the power amplifier. 

The preamplifier provides an 
over-all circuit gain of 180. An input 
of 3 millivolts rms at the input 
terminals, is amplified by the pentode 
and triode voltage amplifiers to de¬ 
velop an output of approximately 
0.55 volt rms at the cathode of the 
cathode-follower output stage. The 
interstage coupling between the 
pentode and triode voltage amplifiers 
equalizes the playback frequency 
response of the preamplifier to com¬ 
pensate for the NARTB recording 
characteristic introduced into the 
magnetic tape by the manufacturer. 
(See footnote for circuit 29-16.) The 
output of the preamplifier is coupled 
by capacitor Ci 0 to the input of the 
audio power amplifier or to the input 
of an intermediate tone-control 
amplifier. 


29-18PREAMPLIFIER FOR CERAMIC PHONOGRAPH PICKUP 

Cathode Follower (Low-Impedance) Output 


+230-300 V 



O 


C5 

tt-o 


AF OUTPUT 
(LOAD 3 
50000 
OHMS MIN) 
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29-18 PREAMPLIFIER FOR CERAMIC 

PHONOGRAPH PICKUP (Cont’d) 


Parts List 

Ci=0.1 /zF, paper, 400 V for high-impedance R:t=0.82 megohm, 0.5 watt 

02=0.01 flip, paper, 400 V ceramic phono pickup Ri=0.22 megohm, 0.5 watt 

03=20 fiF, electrolytic, (0.5-volt output) Rr», Rs=4<000 ohms, 0.5 watt 

400 V Ri=1.8 megohms, 0.5 watt Re=4700 ohms, 0.5 watt 

04=0.25 /zF, paper, 400 V R 2 =Volume control, potenti- R7=1000 ohms, 0.5 watt 

Cu=0.22 fiF, paper, 600 V ometer, 0.5 megohm, audio Ro=l megohm, 0.5 watt 

Ji=Input connector, shielded, taper Rio=1800 ohms, 0.5 watt 


Circuit Description 

This two-stage preamplifier is The preamplifier uses a 7199 

intended for use with a high-imped- triode-pentode in a high-gain pentode 

ance ceramic phonograph pickup. The input stage and a triode cathode- 

circuit features a cathode-follower follower output stage. These stages 

(low-impedance) output which makes provide the amplification necessary 

it possible to install the preamplifier to increase the output from a crystal 

at distances up to 50 feet from the phonograph pickup, applied at Ji, to 

succeeding stage (tone-control or the level required to drive an audio 

power amplifier). The preamplifier power amplifier. The output of the 

operates from a dc supply of 230 to preamplifier, coupled from the cath- 

300 volts and a heater supply of 6.3 ode of the 7199 triode section, may 

volts. These voltages can usually be be applied directly to the power 

obtained from the power supply for amplifier, or to an intermediate tone- 

the power amplifier in the audio control amplifier, 

system. 


29-19 LOW-DISTORTION PREAMPLIFIER 

For Low-Output, High-Impedance Microphones 


+250-300 V 



Sensitivity=3 millivolts rms input for output of 220 millivolts. 

Parts List 

Ci=0.047 /zF, paper, 400 V Ri=2.2 megohms, 0.5 watt Ru=1000 ohms, 0.5 watt 

C2=25 /zF, electrolytic, 25 V R2=0.1 megohm, 0.5 watt Ri=0.47 megohm, 0.5 watt 

C3=0.22 jtzF, paper, 400 V R5=22000 ohms, 0.5 watt 

04=40 ytzF, electrolytic, 450 V 
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29-19 LOW-DISTORTION PREAMPLIFIER (Cont'd) 

Circuit Description 

This single-stage preamplifier is audio range. Because of its high out- 
intended for use with a high-fidelity, put impedance, the preamplifier 
high-impedance crystal or dynamic should be mounted on the same 
microphone. The circuit uses a 5879 chassis as the power amplifier and 
low-noise sharp-cutoff pentode in a tone-control amplifier (if used), 
conventional amplifier circuit that Heater and dc power for the circuit 
has a high-impedance output, a volt- can be obtained from the power 
age gain of approximately 70, and supply for the audio power amplifier, 
a flat frequency response over the 

29-20 BASS AND TREBLE TONE-CONTROL AMPLIFIER 



Sensitivity=0.5 volt rms input for output of 1.25 volts with controls set for flat response. 

Parts List 

Ci=0.047 tiF, paper, 400 V 
C 2 , C4=20 (jlF , electrolytic, 

450 V 

Ca^rO.l /xF, paper, 400 V 
C5=0.0022 hF, paper, 400 V 
Cc=0.022 aiF, paper, 400 V 
C7=0.22 fiF, paper, 400 V 
Cs=220 pF, ceramic or mica, 

500 V 

Circuit Description 

This high-fidelity tone-control pling network. The bass and treble 
amplifier uses a 6EU7 low-noise twin controls in the coupling network can 
triode in a two-stage amplifier cascade be adjusted to provide up to 16 dB 
that consists of an input cathode of boost or attenuation (cut) at 30 
follower connected to a triode voltage Hz and at 15 kHz. With the bass and 
amplifier through a frequency-sensi- treble controls set at the mid-range 
tive (tone-control) interstage cou- positions, the amplifier provides an 


C 9 =0.0022 fiF, paper, 400 V 
Ri=0.47 megohm, 0.5 watt 
Ro=1500 ohms, 0.5 watt 
R 3 , Rii= 15000 ohms, 0.5 watt 
R4=22000 ohms, 0.5 watt 
Ri", R 7 , Rio=0.1 megohm, 

0.5 watt 


Re=1000 ohms, 0.5 watt 
Rs=Bass control, potenti¬ 
ometer, 1 megohm, audio 
taper 

Ro=10000 ohms, 0.5 watt 
Ri 2 =Treble control, poten¬ 
tiometer, 1 megohm, 
audio taper 
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29-20 BASS AND TREBLE TONE-CONTROL 

AMPLIFIER (Cont’d) 

Circuit Description (Cont'd) 


over-all voltage gain of approxi¬ 
mately 2.5, and its frequency re¬ 
sponse is flat within ±ldB from 30 
Hz to 15 kHz. 

The tone-control amplifier is de¬ 
signed for use immediately ahead of 
an audio power amplifier, such as the 
15-, 30-, or 50-watt unit (circuit 29- 
9, 29-10, or 29-11, respectively). 
Operating power for the tone-control 
circuit can usually be obtained from 
the power supply for the power am¬ 
plifier. For operating convenience, 


the volume control on the power 
amplifier may be physically located 
on the tone-control chassis. In this 
case, it is advisable to insert a 
1-megohm resistor in place of 
the volume control on the power 
amplifier. If partial compensation for 
the reduced high- and low-frequency 
sensitivity of the ear at low volume 
levels is desired, the volume-control 
potentiometer may be replaced by a 
loudness-control potentiometer. 


29-21 ELECTRONIC VOLT-OHM METER 


Circuit Description 

This electronic volt-ohm meter 
can be used to measure rms values 
of ac sine-wave voltages from 0.1 to 
1500 volts, dc voltages from 0.2 to 
1500 volts, peak-to-peak voltages 
from 0.2 to 4000 volts, and resist¬ 
ances from 0.2 ohms to 1000 meg¬ 
ohms. Within these over-all limits, a 
Range Selector (Si) can be used to 
select seven different measurement 
ranges for each measurement func¬ 
tion, as shown in the switch-position 
chart. The mode of operation of the 
volt-ohm meter is determined by the 
setting of the five-position (OFF, 
AC, -DC, +DC, and OHMS) Func¬ 
tion Selector (S 2 ). A section (S-d) of 
the Function Selector is also used to 
control the application of the 117- 
volt, 60-Hz, input ac power. The ac 
input power is converted to dc power 
by the 1N1764 selenium rectifier and 
associated components. A 6.3-volt 
secondary winding of power trans¬ 
former Ti supplies power to the tube 
heaters. A neon lamp connected 
across the primary of power trans¬ 
former Ti lights when ac power is 
applied to the circuit. 


A balanced push-pull dc ampli¬ 
fier, which includes a dc microam¬ 
meter Mi connected as part of a dc 
bridge network between the two 
plate sections of the stage, is used 
as the basic measuring circuit for 
each measurement function of the 
volt-ohm meter. This circuit has a 
linear response, excellent stability, 
and a very high input impedance. 
Calibration adjustments are provided 
for each mode of operation to as¬ 
sure that accurate measurements are 
obtained. If desired, the ZERO ADJ 
potentiometer R 20 may be adjusted 
to provide a center-scale zero read¬ 
ing on the meter, which is useful in 
discriminator and bias voltage 
measurements. 

For ac voltage measurements, 
Function Selector S 2 must be rotated 
to the AC position. The ac voltage to 
be measured, applied between the 
AC-OHMS and COMMON terminals, 
is coupled through contacts 10 and 9 
of Si a to the ac-voltmeter multipliers 
(R 2 through Ri). The ac voltage from 
one of the taps on the multiplier, as 
determined by the setting of the 
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29-21 ELECTRONIC VOLT-OHM METER (Cont’d) 



SWITCH POSITIONS 


Position 

Range Selector, Si 

Function Selector, S 2 

1 

1.5V 

Rxl 

4V 

OFF 

2 

5V 

RxlO 

14V 

AC VOLT 

3 

15V 

Rxl 00 

40V 

—DC VOLTS 

4 

50V 

Rxl 000 

140V 

-f-DC VOLTS 

5 

150V 

RxlO,000 

400V 

OHMS 

6 

500V 

RxlOO.OOO 

1400V 


7 

1500V 

RxlM 

4000V 



Notes: 1. Switches are shown in their maximum counterclockwise position (Si=1.5 V, 
R X 1 ; So=“OFF”). 

2. The accuracy of the volt-ohm meter depends upon the accuracy of the multiplier 
resistors. 


Parts List 

Bi=Battery, 1.5 V 

Ci=470 pF, ceramic disc, 
1600 V 

C2=0.001 fiT, ceramic disc, 
600 V 

C3=0.47 /iF, tubular, 400 V 

C*, 05=0.02 fiF, ceramic 
disc, 400 V 

Ce, C7=0.005 fiT, ceramic 
disc, 200 V 


Cs=10 fiF, electrolytic, 

400 V 

Fi=Fuse, 0.5 ampere 
Mi=Meter, dc, 0-200 fi A 
NE 2 =Neon lamp 
Ri=i)C-voltage probe 
isolating resistor, 1 meg¬ 
ohm, 0.25 watt 
Ra=l 38000 ohms, 0.25 watt 
R3=320000 ohms, 0.5 watt 


Ri=0.9 megohm, 1 watt 
Rs, Ri8—1 megohm, 

0.25 watt 

Re, Rio, R 25 , R27=10000 ohms, 
0.5 watt 

R7=20000 ohms, 0.25 watt 
Rs=70000 ohms, 0.25 watt 
Ro=0.2 megohm, 0.25 watt 
Rio=0.7 megohm, 0.25 watt 
Rii=2 megohms, 0.25 watt 
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29-21 ELECTRONIC VOLT-OHM METER (Cont’d) 


Parts List (Cont'd) 

Ris=7 megohms, 0.25 watt 
Ri 3 = 8.2 ohms, wire-wound, 
0.5 watt 

Ri 4=100 ohms, 0.25 watt 
Ris—1000 ohms, 0.25 watt 
Ri 7 = 0.1 megohm, 0.25 watt 
Ri 9=10 megohms, 0.25 watt 
R 20=20 megohms, 0.25 watt 
R^i—91 megohms, 0.5 watt 
R 22=:10000 ohms, poten¬ 
tiometer ac calibration, 
0.5 watt 

R23=10000 ohms, poten¬ 
tiometer dc calibration. 


0.5 watt 

R 2 i= 15000 ohms, poten¬ 
tiometer, ohms adjustment, 
0.25 watt 

R26=10000 ohms, poten¬ 
tiometer, zero adjustment, 
0.25 watt 

R 2 8=3.3 megohms, 0.5 watt 
R 29336.8 megohms, 0.5 watt 
Rao, Rsi=330 ohms, 0.5 watt 
R32=15000 ohms, 0.5 watt 
Ra3=27000 ohms, 0.5 watt 
Rai=10000 ohms, poten¬ 
tiometer, ac balance. 


0.5 watt 

R 35 =47000 ohms, 0.5 watt 
R 36=0.22 megohm, 0.5 watt 
Si=Range selector switch, 

7 position, RCA stock No. 
217924 or equiv. 
S 2 =Function selector 
switch, 5 position, RCA 
stock No. 217923 or equiv. 
Ti=Power transformer, 
105-125 volts rms. 50-60 
Hz, RCA stock No. 217921 
or equiv. 


Circuit Description (Cont’d) 

Range Selector (Sia section), is rec¬ 
tified by the 6AL5 twin diode. The 
resultant dc voltage across the recti¬ 
fier bleeder resistors R 21 and R 34 is 
proportional to the ac voltage from 
the multiplier network. This voltage 
is then coupled through contacts 4 
and 5 of S 2 b, through one of the 
contacts 4 through 10 (as determined 
by setting of Range Selector) and 
contact 1 of Sic, and through contacts 
1 and 2 of Ssa to the pin 2 control 
grid of the 12AU7A twin triode in 
the balanced dc amplifier. This input 
disturbs the balance of the amplifier 
and a current proportional to the ac 
input flows through the dc micro¬ 
ammeter connected between the 
plates of the 12AU7. The pointer on 
the microammeter is then deflected 
to indicate the value of the voltage 
being measured. 

With the Function Selector ro¬ 
tated to either —DC or -|-DC, a dc 
voltage being measured is coupled 
through the 1-megohm probe Ri, the 
DC VOLTS terminal, and contacts 6 
and 5 of S 2 b to the dc-voltmeter mul¬ 
tipliers (Ro through R^). The 1 -meg¬ 
ohm resistance of the dc probe 
together with the resistance of the 
multipliers results in an input re¬ 
sistance of 11 megohms for dc volt¬ 
age measurements. The dc voltage 
from the appropriate tap on the 
multiplier network selected by the 
Sic and Sid sections of the Range 
Selector is coupled through contact 1 
of these switch sections (or contact 


3 of Sic) and contacts 1 (or 3) and 
2 of S 2 a to the input of the balanced 
dc amplifier. The pointer of the mi¬ 
croammeter in the balanced amplifier 
is then deflected to provide an indica¬ 
tion of the value of the dc voltage 
being measured. The S 2 c section of 
the Function Selector reverses the 
connections of the microammeter 
when the Function Selector is rotated 
from —DC to +DC so that current 
will flow through the microammeter 
in the same direction regardless of 
whether a negative or positive dc 
voltage is being measured. 

For resistance measurements, 
the Function Selector is rotated to 
the OHMS position, and the external 
resistance to be measured is con¬ 
nected between the AC-OHMS and 
COMMON terminals of the volt-ohm 
meter. A 1.5-volt dry cell then causes 
current to flow through the external 
resistance, through contacts 10 and 
11 of S 2 A, and through one of the 
ohmmeter-section multiplier resistors 
(Ris through Rio), as determined by 
the setting of the Range Selector 
(S.ib section). Because the multiplier 
resistance is fixed for each range, the 
voltage developed across the external 
resistance provides an accurate indi¬ 
cation of the value of this resistance. 
This voltage is coupled through con¬ 
tacts 10 and 2 of S 2 a to the input 
of the balanced dc amplifier. The 
pointer of the microammeter is then 
deflected to indicate the value of the 
resistance being measured. 
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29-22 SERIES-TYPE STABILIZED VOLTAGE SUPPLY 


Circuit Description 

This series-type stabilized voltage 
supply uses type 5651A as a voltage 
reference tube, type 6080 as a series- 
regulator tube, and type 5751 as a 
control tube. In this circuit, the 
5651A supplies a fixed reference 
voltage between the grid of the first 
unit of the 5751 and its cathode re¬ 
turn. Changes in supply voltage to 
the load are amplified by the 5751 
which is connected as a two-stage 
dc amplifier to control the drop 


through the 6080. The resulting out¬ 
put voltage is essentially independ¬ 
ent of change in load current. 

The voltage regulation of this 
supply operated at a fixed line volt¬ 
age of 117 volts and an output 
voltage of 250 volts is less than 
0.2 volt over the current range of 
0 to 225 milliamperes. At full cur¬ 
rent, the regulation for a variation 
of ± 10 per cent in line voltage 
is less than 0.1 volt. 


TYPE 

6080 


TYPE 


5751 


TYPE 


565IA 



Parts List 

Ci = 0.1 fiF, 400 volts R:t = 470000 ohms, % watt R 7 = 1 megohm, *4 watt 

Ri — Plate current balanc- Ri = 470000 ohms, ^/> watt Rs = 15000 ohms, 2 watts 

ing potentiometer, 160 R 5 = 12000 ohms, 2 watts Ro = Output voltage-control 

ohms, 10 watts Ro = 68000 ohms, 1 watt potentiometer, 10000 ohms 

R 2 = 12000 ohms, 2 watts 

Notes: A 375 volts approx, at zero load current; 325 volts approx, at 225 milliamperes load 
current. 

© Socket connections for the 5651A are made so that removal of the 5651A from its 
socket opens the load. 

* Pins 3 and 6, do not use. 
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29-23 ALL-PURPOSE DC POWER SUPPLIES 




POWER TRANS- CHOKE (Li) Ri R* Cl, Cs FIL- OUTPUT 

SUPPLY FORMER TER -VOLTS MA 


1 

(5BC3) 

Stancor 
PC or PM 
8177 

(300-0-300) 
or equiv. 

140 mA, 7H, 

165 ohms 
Stancor C1421 
or equiv. 

33 ohms - 

5W 

i 

o 

o o 

•^1 U3 

Tj< 

1 

1 

2 

360 

340 

320 

235 

230 

215 

60 

80 

120 

60 

80 

120 

1 

Stancor 

200mA, 4H, 

56 ohms — 

40 fiF 


450 

120 

(5BC3) 

PC or PM 

145 ohms 

10W 

600 Vdc 

1 

425 

160 


8412 

Thordarson 




410 

200 


(400-0-400) 

20C54 







or equiv. 

or equiv. 




310 

120 






2 

300 

160 







280 

200 


2 Stancor 80 mA, 12H, 500 ohms 500 ohms 40 /jlF 350 20 

(6X4) P-6358 375 ohms 5W 3W 450 Vde 1 300 40 

(300-0-300) Thordarson 260 60 

or equiv. 20C53 

or equiv. 250 20 

2 230 40 

220 60 


3 


345 

300 

250 


20 

40 

60 


2 

(6X4) 

Stancor 
PM or PC 
8419 

80 mA, 12H, 
375 ohms 
Thordarson 

500 ohms 500 ohms 40 fiF 

5W 3W 450 Vdc 

1 

265 

225 

190 

20 

40 

60 


or equiv. 

or equiv. 



200 

20 


2 180 40 

170 60 


260 20 

3 220 40 

180 60 

* Bleeder Rb can be omitted if an external load is permanently connected across the ouput 
terminals. Bleeder current should be approximatly 10 per cent of the load current. 
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29-23 ALL-PURPOSE DC POWER SUPPLIES (Cont’d) 


Circuit Description 

In these power-supply circuits, 
5BC3 and 6X4 full-wave rectifier 
tubes are used to convert ac input 
power to dc output power in various 
combinations of output voltage and 
load current. The 5BC3 tube is a 
directly heated novar type intended 
for use in power supplies for radio 
equipment, television receivers, and 
other applications that have rela¬ 
tively high dc requirements. The 6X4 
tube is an indirectly heated minia¬ 
ture type used primarily in power 
supplies for automobile and ac-oper- 
ated radio receivers and other equip¬ 
ment that have moderate dc require¬ 
ments. 

In each rectifier circuit, the 117- 
volt ac input power is applied to the 
primary of a step-up power trans¬ 
former Ti. The two plate sections of 
the rectifier tube are connected to 
opposite ends of the center-tapped 
secondary winding of transformer 
Ti. With respect to the grounded 
center tap, the voltage applied to 
each plate of the rectifier tube, there¬ 
fore, is 180 degrees out of phase 
with that applied to the other plate. 
With an external load connected to 
the rectifier cathode, pulses of cur¬ 
rent flow alternately to one plate 


and then to the other plate for each 
half cycle of the ac input power. 
This 120-Hz pulsating current de¬ 
velops a positive dc voltage across 
the load circuit. 

Removal of virtually all the 
120-Hz ripple component from the 
dc output can be accomplished by 
connection of a suitable filter net¬ 
work between the rectifier output 
(cathode) and the load circuit. Either 
Filter 1 or Filter 2 provides ade¬ 
quate filtering for the 5BC3 circuit. 
Any one of the three filter networks 
is satisfactory for use with the 6X4 
circuit. Filter 3 is not recommended 
for use with the 5BC3 circuit be¬ 
cause the use of the two resistors 
Ri and R 2 in series with the rela¬ 
tively high output results in exces¬ 
sive power loss. 

The chart shown with the recti¬ 
fier circuits lists a wide range of dc 
output voltage obtainable for vari¬ 
ous values of load current. Proper 
selection of power transformer Ti, 
of the type of filter network, and 
of the values of filter choke Li and 
resistors Ri and R 2 results in the 
desired combination of output volt¬ 
age and current. 


BLACK-AND-WHITE TELEVISION RECEIVER 


Circuits 29-24 through 29-28 are 
essentially identical to the corre¬ 
sponding circuits in the RCA-KCS- 
152 Television Receiver. These cir¬ 
cuits comprise a complete intercar¬ 
rier television receiver with the 
exception of the deflection coils and 
the picture tube. Portions of any 
television receiver, however, are re¬ 
quired to operate over an extremely 
wide range of very high frequencies. 
The construction of such circuits 
requires more than ordinary skill 
and experience and the use of so¬ 
phisticated test equipment (see gen¬ 
eral consideration for the construc¬ 
tion of high-frequency and broad¬ 
band circuits at the beginning of 


this section). Home construction of 
such circuits is not recommended un¬ 
less the builder has had consider¬ 
able experience in this type of work. 

The chassis of circuits 29-24 
through 29-28 are connected to one 
side of the ac line during operation. 
Servicing of these circuits should 
not be attempted by persons not 
familiar with the following precau¬ 
tions necessary when working on this 
type of equipment: 

1. An isolation transformer 
should be inserted between 
the receiver and the ac line 
before any servicing is at¬ 
tempted. 
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BLACK-AND-WHITE TELEVISION RECEIVER (Cont’d) 


2. If the receiver must be op¬ 
erated directly from the ac 
supply, the power plug should 
be inserted in the proper di¬ 
rection to connect the chas¬ 
sis to the ground side of the 
ac line. An ac voltmeter 
should be used to measure 


the voltage between the chas¬ 
sis and the power-source 
ground; no voltage reading 
should be obtained. If a read¬ 
ing is obtained, the power 
plug should be reversed and 
another check made for a 
zero reading. 


29-24 VHF TUNER 

For Black-and-White Television Receiver 


Circuit Description 

This vhf tuner selects the de¬ 
sired vhf frequency channel, ampli¬ 
fies composite video signals in the 
frequency channel selected, and con¬ 
verts the signal frequencies to the 
45.75-MHz picture intermediate fre¬ 
quency and the 41.25-MHz sound in¬ 
termediate frequency used in televi¬ 
sion receivers. When used with a 
uhf tuner, the vhf tuner is operated 
as a two-stage broadband rf ampli¬ 
fier tuned to 44 MHz (center fre¬ 
quency of the if band) and is es¬ 
sentially a pre-if amplifier for the 
television receiver. In each mode of 
operation, the tuner has a band pass 
that is broad enough to pass all the 
video information (including syn¬ 
chronizing and equalizing pulses) 
and the sound information super¬ 
imposed on the video and sound car¬ 
rier frequencies and has sufficient 
selectivity to assure adequate ad¬ 
jacent-channel and image-frequency 
rejection. The +140 volts used as 
the B + supply for the vhf tuner is 
obtained from the low-voltage power 
supply of the receiver. The heaters 
of the tubes in the circuit are con¬ 
nected in series with those of other 
tubes in the receiver, and power for 
the series heater string is obtained 
directly from the input ac power 
line. 

The antenna used with the vhf 
tuner may be either a 75-ohm mono¬ 
pole, as used with portable receivers, 
or a balanced 300-ohm antenna. A 
balanced 300-ohm antenna system 


can be matched to the unbalanced 
75-ohm tuner input by means of the 
antenna-matching balun Ti. A 13- 
position channel selector, which con¬ 
sists of several wafer-switch sec¬ 
tions (Si through Si) mounted on 
a common shaft, establishes the op¬ 
erating frequency of the tuner for 
each of the vhf channels 2 through 
13 or adapts the vhf tuner for opera¬ 
tion with a uhf tuner. With Si set 
to any of the channel positions 2 
through 13, the selected-channel sig¬ 
nal from the vhf antenna is coupled 
through contacts U and 2 of S 4 b 
and input transformer T 2 to the rf 
amplifier, and the input lead from 
the uhf tuner is not connected to 
the vhf circuit. 

The vhf input signals are am¬ 
plified by the 3GK5 high-mu frame- 
grid triode used in the rf amplifier 
stage. The S ;J section of the channel 
selector connects the appropriate 
combination of the inductors L 5 
through Lis into the grid circuit of 
the rf amplifier to tune this stage to 
the desired frequency channel. The 
age bias voltage applied to the con¬ 
trol grid of the 3GK5 triode auto¬ 
matically controls the gain of the 
rf stage. The bias voltage, which 
varies directly with the amplitude 
of the received signal, is derived by 
a keyed age amplifier in the televi¬ 
sion receiver. 

The output of the rf amplifier is 
coupled through a resonant imped¬ 
ance network to the control grid of 
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29-24 

Parts List 

Ci, C 2 =82 pF, ±5%, dual 
disc, ceramic, 600 V, 

N750 

Cs^ Ci, Cs, Cie, Ci6=1000 pF, 
feedthrough, 600 V 
Ce=12 pF, 6%, ceramic, 

600 V, N750 
Ct= 20 pF, ±6%, feed¬ 
through, 600 V, N470 
Cs=0.66 pF, ±5%, headed 
lead, 600 V 

C»=100 pF, ceramic, 600 V, 
N1600 

Cio=0.22 fiF, ceramic, 600 V 
Cn=0.82 pF, headed lead, 

600 V 

C 12=82 pF, ±6%, feed¬ 
through, 600 V, N750 
Ci3=8 pF, ceramic, 600 V 
Cu=10 pF, ±6%, radial 
leads, ceramic, 600 V, 

N330 

GIMMICK=Trimmer-capaci- 
tor plate 

Li, L 2 , L3=RF coils ; with 
two 82-picofarad capaci¬ 
tors, forms high-pass filter 
(antenna input network), 
RCA Stock No. 114458 
or equiv. 

L4=RF amplifier grid coil, 
part of Sa assembly 
Ls through Li6=RF-amplifier 
tuning coils, part of S 3 
assembly 

Li6=Mixer grid coil, part 


VHF TUNER (Cont’d) 


of S 2 assembly 
Li7=Interstage coupling coil 
for rf amplifier and mixer, 
part of S 2 assembly 
Lis through L29=Mixer tun¬ 
ing coils, part of S 2 
assembly 

L3o=Variable rf coil; mixer 
plate tuning adjustment; 
RCA stock No. 112909 
or equiv. 

L3i=RF choke 
L32=Variable rf coil; local- 
oscillator tuning adjust¬ 
ment for channel 13 
L33 through Li3=Local- 
oscillator tuning coils 
(variable coil L39 is tun¬ 
ing adjustment for channel 
6), part of Si assembly 
L44=Variable rf coil; fine- 
tuning control; RCA 
Stock No. 113323, or 
equiv. 

Ri=4700 ohms, 1 watt 
R 2 =5600 ohms, 0.5 watt 
R3=47000 ohms, 0.5 watt 
Ri=0.1 megohm, 0.5 watt 
Rs, Rt= 10000 ohms, 0.5 watt 
Re, Rio=1000 ohms, 0.5 watt 
Rs=2200 ohms, 0.5 watt 
Ro=6800 ohms, 0.5 watt 
Si=Local-oscillator section 
of channel-selector switch 
stator assembly, RCA 
Stock No. 114462 or 


equiv., includes local- 
oscillator tuning coils 
L 33 through L 43 

S 2 =Mixer section of chan¬ 
nel-selector switch; stator 
assembly, RCA Stock No. 
114461 or equiv., includes 
mixer tuning coils Lb, 

Le, and Lis through Lot 

S3=RF amplifier section of 
channel-selector switch; 
stator assembly, RCA 
Stock No. 114460 or equiv., 
includes rf-amplifier tun¬ 
ing coils Li and L 7 
through Lit 

S4=VHF-UHF function se¬ 
lector ; two-section switch 
ganged with channel se¬ 
lectors, Si, S 2 , and S 3 ; 
RCA Stock No. 114185 
or equiv. 

Ti=Antenna-matching 
balun ; matches 300-ohm 
balanced antenna-lead 
line to 75-ohm unbalanced 
receiver-input line; RCA 
Stock No. 111973 or equiv. 

T 2 =Antenna transformer; 
RCA Stock No. 113195 
or equiv. 

Zi, Z 2 =Resistance-capaci- 
tance network (capristor), 
RCA Stock No. 109956 
or equiv. 


Notes: 1. All switches are ganged together on same shaft and are shown with shaft in 
channel 13 position. 

2. Voltages shown are obtained with no signal input. 

3. For dc voltage and heater supply, see circuit 29-28, page 725. 

4. See additional notes on page 712. 


Circuit Description (Cont’d) 

the 6 KZ 8 pentode section used in the 
mixer stage. Section S 2 of the ganged 
channel selector selects the proper 
combination of the inductors Lw 
through L 29 to tune the mixer input 
circuit to the same operating fre¬ 
quency as that of the rf amplifier. A 
signal from the plate of the 6 KZ 8 
triode section used in the local-oscil¬ 
lator stage is also applied to the 
input circuit of the mixer. Section Si 
of the channel selector connects the 
right combination of the inductors L 33 
through L 43 into the oscillator res¬ 
onant circuit to maintain the operat¬ 
ing frequency of the oscillator at 
45.75 MHz above the video carrier 
frequency (41.25 MHz above the 
sound carrier frequency) of the vhf 
channel selected by the tuner. Induc¬ 
tor L 44 in the series-resonant feedback 
circuit of the oscillator is the fine- 


tuning adjustment for the vhf tuner. 
This adjustment assures that the 
oscillator frequency accurately tracks 
the input tuning in each channel. 

The signals from the rf am¬ 
plifier and the local oscillator are 
heterodyned in the mixer stage to 
produce the 45.75-MHz amplitude- 
modulated and 41.25-MHz frequen¬ 
cy-modulated difference frequencies 
used as the picture and sound inter¬ 
mediate frequencies, respectively, in 
the television receiver. The picture 
and sound if signals are coupled from 
the plate of the mixer to the if stages 
of the receiver. 

When the multiple-section chan¬ 
nel selector is rotated to the U posi¬ 
tion (for uhf operation), a connec¬ 
tion from the B+ line of the vhf 
tuner through a 5600-ohm dropping 
resistor R 2 , contacts 4 and 10 of S 4 A, 
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29-24 VHF TUNER (Cont’d) 

Circuit Description (Cont'd) 


and a 4700-ohm dropping resistor Ri 
provides the B+ voltage for the uhf 
tuner. In addition, transformer T 2 , 
which provides the input to the rf 
amplifier, is connected through con¬ 
tacts 2 and 13 of S 4 B to the output 
of the uhf tuner, and the signal from 
the vhf antenna is shorted to ground 
through contacts U and 12 of Sia. 
The input to the rf amplifier is then 
the amplitude-modulated 45.75-MHz 
picture if and frequency-modulated 
41.25-MHz sound if signals from the 
uhf tuner. 

In the U positions, switch sec¬ 


tions S 3 and S 2 select the tuning in¬ 
ductors required for operation of the 
rf amplifier and mixer stages as 
broadband 44-MHz amplifiers, and 
section Si disables the oscillator 
stage by connection of the oscillator 
control grid directly to ground 
through switch contacts 2 and U. 
With these changes, the vhf tuner 
essentially becomes a broadband 44 - 
MHz amplifier which provides two 
stages of amplification of the picture 
and sound if signals ahead of the re¬ 
ceiver main if strip. 


29-25 VIDEO-IF AMPLIFIERS AND 

SOUND-CHANNEL CIRCUITS 

For Black-and-White Television Receiver 

Circuit Description 


These circuit stages are typical 
of those used in the if and audio 
channels of any intercarrier type of 
black-and-white television receiver. 
The over-all circuit operates from a 
dc supply of +150 volts obtained 
from the receiver low-voltage (B + ) 
dc power supply. The heaters of the 
tubes in the circuit are connected in 
series with those of tubes in other 
sections of the receiver. Operating 
power for the series heater string 
is obtained directly from the 117-volt 
ac power line. 

The input from the vhf tuner con¬ 
sists of amplitude-modulated 45.75- 
MHz picture if signals and frequen¬ 
cy-modulated 41.25-MHz sound if 
signals. This composite input is cou¬ 
pled by a broadly tuned bandpass 
filter network to the control grid of 
the 4JD6 remote-cutoff pentode used 
in the first picture if amplifier. A dc 
bias voltage proportional to the in¬ 
put signal from the age amplifier 
is also applied to the control-grid 
circuit to provide automatic gain 
control of this stage. The output of 
the first picture if amplifier is cou¬ 
pled by the single-tuned transformer 
Ti to the control grid of the 4JC6A 
pentode used in the second picture 
if amplifier. The double-tuned trans¬ 


former T« couples the output of this 
stage to the video detector (CRi 
and associated components). The in¬ 
put filter network and picture if 
transformers T x and T 2 are stagger 
tuned to obtain the broad response 
for the if amplifiers required to as¬ 
sure adequate passage of both the 
45.75-MHz video and 41.25-MHz 
sound if signals. 

The video detector demodulates 
the 45.75-MHz picture if signal, and 
the resultant video signal is coupled 
through inductors L 5 and L 7 and the 
lower winding of transformer T 3 to 
the video amplifier (shown in cir¬ 
cuit 29-27). The video detector also 
operates as a second mixer circuit. 
The 45.75-MHz picture if signal and 
the 41.25 sound if signal are hetero¬ 
dyned to produce a second sound if 
carrier of 4.5 MHz. This 4.5-MHz 
second sound if carrier is still fre¬ 
quency-modulated by the audio com¬ 
ponents contained in the original rf 
signal input at the receiver antenna. 
The sound-takeoff transformer T 3 , 
which forms a selective load imped¬ 
ance for the detector circuit at 4.5 
MHz, couples the 4.5-MHz sound if 
signal to the control grid of the 
pentode section of a 6 GH 8 A triode 
pentode used in the sound if ampli- 
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29-25 VIDEO-IF AMPLIFIERS AND 

SOUND-CHANNEL CIRCUITS (Cont’d) 



Ci, Ce=470 pF, ceramic, 
600 V 

0,2, C 7 —0.001 /zF, ceramic 
600 V 

C3=7 pF, ceramic, 500 V, 
N150 

Ci —2 pF, ceramic, 500 V, 
NPO 

Cs=56 pF, ±5%, ceramic, 
600 V, N750 

Cs=560 pF, ceramic, 500 V 

C»=18 pF, 5%, ceramic, 
600 V, N220 

Cio=6 pF, ceramic, 500 V 

Cii=10 pF, ceramic, 500 V, 
NPO 

C 12 —39 pF, ceramic, 500 V, 
N150 

Ci3=68 pF, ceramic, 500 V, 
N750 


C 14 , Cio=0,01 /zF, ceramic, 
500 V 

C 15 , Ci7=:12 pF, part of T 4 
Cie, Ci8=0.0022 /iF, ceramic, 
500 V 

C2o=10 pF, part of Ts 
C2i=680 pF, ceramic, 500 V 
C22=0.047 /zF, paper, 200 V 
C 23— 0.01 jj. F, ceramic, 

500 V 

C24=0.0068 fiF, ceramic, 

500 V 

CRi~Video detector, crystal 
diode, RCA Stock No. 
112524 or equiv. 

Li=RF coil, RCA Stock No. 

114315 or equiv. 

L 2 =RF coil, RCA Stock No. 

114314 or equiv. 

Li 3=RF coil, 47.25-MHz trap 


RCA Stock No. 113097 
or equiv. 

L4=RF coil, RCA Stock No. 

113097 or equiv. 
Ls=Video-detector peaking 
coil, 36 /zH, RCA Stock 
No. 109758 or equiv. 
L.7=Filter choke (reactor), 
2.7 fiH, RCA Stock No. 
107463 or equiv. 

Ri=3300 ohms, 0.5 watt 
R 2=1000 ohms, 0.5 watt 
R3=39 ohms, ±5%, 

0.5 watt 

R4=4700 ohms, ±5%, 

0.5 watt 

R5=1500 ohms, 1 watt 
Rs=100 ohms, 0.5 watt 
R7=470 ohms, 0.5 watt 
R8=3000 ohms, ±5%, 

0.5 watt 
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29-25 VIDEO-IF AMPLIFIERS AND 

SOUND-CHANNEL CIRCUITS (Cont’d) 


Parts List (Cont'd) 

Ro=820 ohms, 0.5 watt 
Rio=82000 ohms, 0.5 watt 
Rii=15000 ohms, 1 watt 
Ri2=560 ohms, 0.5 watt 
Ri3=470 ohms, 0.5 watt 
Ru=0.47 megohm, 0.5 watt 
Ris=0.39 megohm, 0.5 watt 
Rie—Volume control, poten¬ 
tiometer, 1 megohm 
Ri7=180 ohms, 0.5 watt 
Ti=First pix if transformer, 


RCA Stock No. 109158 
or equiv. 

Ta^Second pix if trans¬ 
former, RCA Stock No. 
114317 or equiv. 

T3=Sound take-off trans¬ 
former, 4.5-MHz, RCA 
Stock No. 114489 or equiv. 

Tt=Sound if transformer 
(includes primary and 
secondary capacitors), 


RCA Stock No. 104137 
or equiv. 

T5=Sound detector resonant 
circuit (includes 10-pF 
capacitor), RCA Stock 
No. 109948 or equiv. 

Tc=Audio output trans¬ 
former, matches speaker 
voice-coil impedance to 
tube plate load, RCA 
Stock No. 114490 or equiv. 


Notes: 1. Voltages shown are obtained with no signal input. 

2. For dc voltage and heater supply, see circuit 29-28, page 725. 

3. See additional notes on page 712. 


Circuit Description (Cont'd) 
fier. The amplified if signal from 
this stage is coupled by the doubled- 
tuned 4.5-MHz transformer T* to the 
6HZ6 audio detector-amplifier stage. 
This stage demodulates the 4.5-MHz 
sound if signal and amplifies the re¬ 
sultant audio signal voltage. The 
+250 volts used as the plate supply 
for the 6HZ6 is obtained from the 
horizontal output stage (shown in 
circuit 29-27 of the receiver. 

The audio-signal power required 


to drive the speaker is developed by 
a 12FX5 pentode used in a single- 
ended audio output stage. The audio¬ 
signal voltage from the plate of the 
audio detector-amplifier is amplified 
by the 12FX5 and coupled by trans¬ 
former To to the voice coil of the 
speaker. The volume-control poten¬ 
tiometer Rio in the input circuit of the 
output stage provides manual ad¬ 
justment of the sound level from the 
speaker. 


29-26 VIDEO, AGC, AND SYNC AMPLIFIERS 

For Black-and-White TV Receiver 


Circuit Description 

This circuit shows video, age, 
and sync amplifiers for a black-and- 
white television receiver. The video 
and sync amplifiers operate from a 
plate supply (B + ) voltage of 150 
volts obtained from the receiver low- 
voltage power supply. The plate sup¬ 
ply voltage for the age amplifier is 
a positive keying pulse from the 
high-voltage transformer in the re¬ 
ceiver. The heaters of the three tubes 
are connected in series with those 
of tubes in other sections of the re¬ 
ceiver. Operating power for the se¬ 
ries heater string is obtained di¬ 
rectly from the ac power line. 

In the video amplifier, the pen¬ 
tode section of an 11LQ8 triode-pen- 
tode provides the required amplifica¬ 
tion of the video signal. The video 
signal is coupled from the video 
detector to the control grid of the 
video amplifier. The output from 
the voltage divider in the plate cir¬ 


cuit of this stage is applied to the 
cathode of the picture tube to in- 
tensity-modulate the electron beam 
during its vertical and horizontal 
scanning of the picture-tube screen. 
The contrast control adjusts both 
the amplitude of the video output 
and the dc potential at the cathode 
of the picture tube to control picture 
contrast. The voltage-divider net¬ 
work in the plate circuit of the video 
amplifier is interconnected with an¬ 
other voltage-divider network. This 
second network includes the bright¬ 
ness control and the width control 
in the screen-grid circuit of the re¬ 
ceiver horizontal-output tube (shown 
in circuit 29-27. The brightness con¬ 
trol adjusts the cathode bias on the 
picture tube to control the intensity 
of the screen display. 

An output from the video am¬ 
plifier is also applied to the control 
grid of the 11LQ8 triode section used 
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29-26 VIDEO, AGC, AND SYNC AMPLIFIERS (Cont’d) 


AGC 



2. For dc voltage and heater supply, see circuit 29-28, page 725. 

3. See additional notes on page 712. 


Parts List 

Ci=5 /xF, electrolytic, 150 V 
C2=0.15 /xF, paper, 200 V 
Ca=0.033, paper, 200 V 
C4=0.0047, ceramic, 500 V 
C6=0.1 /xF t paper, 200 V 
Ce=470 pF, ceramic, 500 V 
Ct= 100 pF, ceramic, 500 V, 
N1500 

Li=Video-ampIifier peaking 
coil, 18 fi H, RCA Stock 
No. 109946 or equiv. 
Ri=18000 ohms, 0.5 watt 


R2=330 ohms, 0.5 watt 
R3=1500 ohms, 0.5 watt 
R4=Contrast control, poten¬ 
tiometer, 4000 ohms, 

3 watts 

R5=l megohm, 0.5 watt 
Re=10 ohms, ±:5%, 0.5 watt 
R7=22000 ohms, 0.5 watt 
Rs=0.27 megohm, 0.5 watt 
Ro, Rio, R2o=27000 ohms, 

0.5 watt 

Rn=27000 ohms, 1 watt 


Ri2=18000 ohms, 0.5 watt 
Ris=Brightness control, 
potentiometer, 0.1 megohm 
Rn, Ri7=0.82 megohm, 

0.5 watt 

Ri5=l megohm, 0.5 watt 
Rie, R 2 i= 0.68 megohm, 

0.5 watt 

Ri8=3300 ohms, 0.5 watt 
Ri9=8.2 megohms, 0.5 watt 
R22=5.2 megohms, 0.5 watt 
R23=33000 ohms, 0.5 watt 
R24=15000 ohms, 0.5 watt 


Circuit Description (Cont’d) 

in a keyed-age amplifier stage. The 
operation of the age amplifier is 
gated (keyed) by a positive pulse 
from the high-voltage power trans¬ 
former (shown in circuit 29-27). 


This 450-volt keying pulse, which is 
synchronized with the video signal, 
overcomes the bias provided by the 
150 volts applied to the cathode cir¬ 
cuit and serves as the plate supply 
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VIDEO, AGO, mm mm mPimms (Cont'd) 

Circuit Description (Cont’d) 
voltage for the age amplifier. Por¬ 


tions of the video signal that occur 
coincident with the keying pulse are 
amplified by the age stage. A 0.1- 
microfarad capacitor C 5 and a 0.82- 
megohm resistor Ru in the plate 
circuit of this stage filter out the 
pulsating components to obtain a 
negative dc voltage proportional to 
the video signal and thus to the rf 
input at the receiver antenna. The 
negative voltage developed in the 
plate circuit of the stage is applied 
as age bias to the first picture if 
amplifier and to the rf amplifier 
in the vhf tuner. 

Synchronizing pulses are in¬ 
cluded in the video signals trans¬ 
mitted by a television broadcast sta¬ 
tion to provide timing information 
required for synchronization of the 
transmitter and receiver scanning 
systems. The sync amplifier, or sep¬ 
arator, separates and amplifies the 


synchronizing pulses contained in 
the composite video signal it re¬ 
ceives from the plate circuit of the 
video amplifier. The circuit uses the 
triode section of a 6GH8A triode- 
pentode to develop the synchronizing 
pulses for the vertical- and hori¬ 
zontal-deflection circuits of the re¬ 
ceiver. The sync amplifier is basi¬ 
cally a class C limiter stage. With 
the video signal applied, the stage 
is biased beyond cutoff by the grid- 
leak bias network formed by the 
470-picofarad capacitor Co and the 
0.68-megohm resistor R 2i in the con¬ 
trol-grid circuit. Only the sync pulses 
in the composite video signal have 
sufficient amplitude to drive the sync 
amplifier into conduction. The result¬ 
ant pulses developed across the out¬ 
put voltage-divider network are used 
as the synchronizing inputs to the 
horizontal- and vertical - deflection 
circuits. 


29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER 

For Black-and-White Television Receiver 


Circuit Description 

These circuits develop the ver¬ 
tical and horizontal scanning signals 
and the dc operating potentials for 
the picture tube (RCA Type 16BGP4) 
used in the black-and-white televi¬ 
sion receiver and the boosted B + 
voltage (+250 volts) used in the au¬ 
dio detector-amplifier (part of cir¬ 
cuit 29-26. The circuits operate from 
a dc supply of 150 volts. With the 
exception of the 1G3GT (or 1B3GT) 
high-voltage rectifier tube, the heat¬ 
ers of the various tubes are con¬ 
nected in series with those of tubes 
in other sections of the receiver and 
are supplied by the input ac power 
line. Heater power for the 1G3GT 
(or 1B3GT) is provided by a 1.25- 
volt winding of the high-voltage 
tarnsformer Ti. 

The vertical- and horizontal- 
deflection circuits are synchronized 
by negative signals from the sync 


amplifier (separator) which include 
horizontal sync pulses, equalizing 
pulses, and vertical sync pulses. 
When the composite video signal is 
generated at the television broadcast 
station, the leading edge of each 
horizontal sync pulse, of alternate 
equalizing pulses, and of alternate 
serrations of the vertical sync pulses 
are correctly timed to initiate the 
horizontal-retrace period. It is neces¬ 
sary, therefore, to extract the lead¬ 
ing-edge components from the com¬ 
bined sync waveform prior to appli¬ 
cation of the synchronizing input to 
the horizontal-deflection circuit. Sim¬ 
ilarly, the vertical sync pulses must 
be separated from the combined 
waveform before they can be used to 
synchronize the vertical - deflection 
circuit. 

The combined sync waveform is 
differentiated at the input to the 
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29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont’d) 



Notes: 1. Voltages shown are obtained with no signal input. 

2. For dc voltage and heater supply, see circuit 29-28, page 725. 

3. See additional notes on page 712. 
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29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont’d) 


Parts List 

Ci—0.0039 julF, ceramic, 

500 V, N5600 

C2=0.01/*F, ceramic, 500 V 
C 3 , Co—0.047 /tF, paper, 

200 V 

Ci=0.033 jjlF, paper, 200 V 
Cs=0.027 /iF, paper, 600 V 
Co=0.015 /iF, tubular paper, 
200 V 

C7=0.022 fiF, paper, 200 V 
C 8 =0.0022 fi F, paper, 1000 V 
Cio=0.0012 /iF, ±5%, 
ceramic, 500 V, N3300 
Cii=180 pF, ±5 r /c, ceramic, 
5000 V, N2200 
Ci2=47 pF, ceramic, 2500 V, 
N1500 

Ci3=0.0033 /iF, ceramic, 

500 V 

Cn=68 pF, paper, 500 V, 
N1500 

C15=470 pF, ceramic, 500 V 
Ci«=0.0039 /iF, mylar, 400 V 
C 17=0.001 /.tF, ceramic, 

500 V 

Cis=0.0033 /iF, ceramic, 

500 V 

Cio=0.00l /iF, ceramic, 500 V 
Cuo=0.056 /iF, paper, 200 V 
Csi=150 pF, ceramic, 500 V 
C22=390 pF, mica, 500 
C23=68 pF, ceramic, 500 V, 


NPO 

Li=Oscillator coil, RCA 
Stock No. 114486 or equiv. 
L 2 , L;;=RF chokes (reactors), 
8.2 n H, RCA Stock No. 
107385 or equiv. 
PCi=Printed circuit (in¬ 
cludes 0.001-/iF and 
0.0024-/iF capacitors and 
68000-ohm resistor), RCA 
Stock No. 114506 or equiv. 
Ri=0.1 megohm, 0.5 watt 
R 2=47 ohms, 0.5 watt 
R::, Ri=0.82 megohm, 

0.5 watt 

R 5 = 2.2 megohms, 0.5 watt 
R«,rr47000 ohms, 0.5 watt 
R 7 =Height control, potenti¬ 
ometer, 0.75 megohm 
Rs=820 ohms, 1 watt 
Ro=3300 ohms, 0.5 watt 
Rio=Width control, potenti¬ 
ometer, 2000 ohms, 3 watts 
Ri 1 —O .68 megohm, 0.5 watt 
Ri2=47000 ohms, 0.5 watt 
Ris=22 megohms, 0.5 watt 
Rn=22000 ohms, 0.5 watt 
Rir,=Vertical-hold control, 
potentiometer, 0.75 
megohm 

Rt«= 1.8 megohms, 0.5 watt 
Ri 7 =Vertical-linearity 


control, potentiometer, 

0.2 megohm 

Rii>=0.47 megohm, 0.5 watt 
Rio, R25=27000 ohms, 0.5 watt 
R 20 , R 2 i =1000 ohms, 0.5 watt 
R22=68000 ohms, 0.5 watt 
R 2:;=10000 ohms, 0.5 watt 
Rl>i= 0.18 megohm, 0.5 watt 
R2<;=820 ohms, 0.5 watt 
R27=0.15 megohm, 0.5 watt 
Ri;.s=0.39 megohm, 0.5 watt 
R 2»=12000 ohms, 0.5 watt 
R:ui=l megohm, 0.5 watt 
R;u=15000 ohms, 0.5 watt 
R.t_*=68000 ohms, 0.5 watt 
R:t.:=33000 ohms, 0.5 watt 
R:u=1500 ohms, ±5%, 

0.5 watt 

Rar,=4700 ohms, 0.5 watt 
R:;,-,=47000 ohms, 0.5 watt 
R:$ 7 =Horizontal-hold control, 
potentiometer, 70000 ohms. 
SRi=SeIenium rectifier, RCA 
Stock No. 109474 or equiv. 
Ti=High-voltage and hori¬ 
zontal-output transformer, 
RCA Stock No. 114498 or 
equiv. 

T 2 =Vertical-output trans¬ 
former, RCA Stock No. 
114502 or equiv. 


Circuit Description (Cont’d) 

horizontal-deflection circuit to obtain 
negative and positive voltage spikes 
which correspond to the leading and 
lagging edges, respectively, of the 
rectangular sync pulses. The ampli¬ 
tude of these voltage spikes is de¬ 
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses, and, with 
the exceptions of the serrations, the 
vertical sync pulses do not affect the 
operation of the horizontal-deflec¬ 
tion circuits. The leading edge of al¬ 
ternate serrations, however, corre¬ 
sponds to the start of horizontal- 
retrace periods and thus may be con¬ 
sidered as merely another horizontal 
sync signal. 

The differentiated sync wave¬ 
form is applied to the junction of 
the twin silicon diodes SRi used in 
a phase-discriminator network. The 
positive portion of the differentiated 
waveform has no effect on the dis¬ 
criminator network. The negative 


portion is compared with a feedback 
signal from the horizontal oscillator 
to derive the synchronizing voltage. 
The frequency of the horizontal os¬ 
cillator and the repetition rate of 
the horizontal sync pulses should 
both be 15,750 Hz, the desired hori¬ 
zontal scanning rate for the picture 
tube. If the feedback signal from the 
oscillator does not occur coincident 
with the horizontal sync pulse, the 
phase discriminator develops a dc 
error voltage at the control grid of 
the input section of the 8FQ7 twin 
triode used in the oscillator stage. 
The resultant change in oscillator 
bias shifts the phase of the oscilla¬ 
tor signal until it is locked in phase 
with the horizontal sync pulse. 

The horizontal oscillator is bas¬ 
ically a cathode-coupled multivibra¬ 
tor that free-runs, in asymmetrical 
half cycles, at a frequency of 15,750 
Hz. A parallel LC circuit connected 
in series with the plate of the input 
section resonates at 15,750 Hz to pro¬ 
vide frequency stabilization for the 
horizontal oscillator. The HOLD con- 
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29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont’d) 


Circuit Description (Cont’d) 
trol adjusts the basic multivibrator 
frequency to achieve an exact lock- 
in with the horizontal sync pulses. 
In a cathode-coupled multivibrator, 
one amplifier section conducts at sat¬ 
uration and the other section is cut 
off during one half-cycle of opera¬ 
tion, and these states are automat¬ 
ically reversed for the next half cy¬ 
cle. Such circuits normally provide 
rectangular-wave outputs from each 
plate section that are 180 degrees 
out of phase and that switch be¬ 
tween the saturation plate voltage 
and B+ (i.e., the cutoff plate volt- 
age). 

In the horizontal oscillator a 
series RC network is connected in 
parallel with the output tube section. 
Because of this network, the plate 
voltage does not immediately rise 
to the B+ value when the output 
tube section is cut off. Instead, there 
is a small immediate rise in plate 
voltage that results from the voltage 
drop across the resistor R 3 r> in the 
output RC network produced by the 
initial charging current to the ca¬ 
pacitor C 21 . The plate voltage then 
rises gradually at a rate determined 
by the long-time-constant circuit 
through which the capacitor is 
charged. Before the capacitor can 
fully charge to the B-f- voltage, the 
combination of the horizontal sync 
input and the feedback signal from 
the plate of the output section of the 
oscillator drives the grid of the in¬ 
put section below cutoff. The instan¬ 
taneous rise in the plate voltage of 
the input section is coupled to the 
grid of the output section and causes 
this section to conduct. The capaci¬ 
tor C 2 i in the output RC network 
is then quickly discharged through 
the series resistor and the relatively 
low resistance of the output tube 
section. The output of the horizontal 
oscillator, therefore, is a trapezoidal 
voltage wave. The rising-slope por¬ 
tions of this wave (obtained when 
the ouput tube section is cut off) 


corresponds to the horizontal-trace 
period on the picture tube; the dis¬ 
charge portion of the trapezoidal 
wave corresponds to the retrace 
period. The time-constant coupling- 
circuits between the input and out¬ 
put sections of the oscillator are 
designed so that the retrace period 
represents only about 5 to 10 per 
cent of the over-all oscillator cycle. 

The trapezoidal voltage wave is 
coupled to the control grid of the 
22JU6 pentode horizontal - output 
stage and causes a sawtooth current 
to flow through the high-voltage 
(flyback) transformer Ti and through 
the horizontal-deflection coils of the 
picture tube. The gradually rising 
portion of the sawtooth current 
causes the horizontal scanning of 
the picture tube; the more rapid 
negative-slope portion of the cur¬ 
rent wave causes the retrace. During 
the retrace period, the picture-tube 
screen is blanked by a negative pulse 
applied to the control grid of the 
picture tube from the vertical-deflec¬ 
tion circuits. The WIDTH control R 10 
in the screen grid of the horizontal- 
output stage adjusts the gain of this 
stage to control the width of hori¬ 
zontal scanning. 

The vertical oscillator employs 
a 15KY8A triode-pentode in a basic 
plate-coupled multivibrator configu¬ 
ration. This free-running 60-Hz mul¬ 
tivibrator is synchronized by the ver¬ 
tical sync pulses. The vertical pulses 
are separated from the combined 
sync waveform by integration of the 
combined waveform across the 0.022- 
microfarad capacitor C 7 in the con¬ 
trol-grid circuit of the pentode output 
section of the multivibrator. The in¬ 
tegrating network has negligible 
response for the narrow horizontal 
sync and equalizing pulses, but re¬ 
sponds to the greater energy in¬ 
cluded in the much wider vertical 
sync pulses to develop a triangular 
voltage wave at the control grid of 
the pentode output section. The 
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29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont’d) 


Circuit Description (Cont’d) 

VERT LIN potentiometer Ri 7 adjusts 
the charging period of the integrat¬ 
ing capacitor to control vertical 
liearity. The VERT HOLD potentiom¬ 
eter Ris adjusts the frequency of the 
multivibrator to achieve an exact 
lock-in with the vertical sync pulses. 

The voltage waveform at the 
control grid of the pentode output 
section results in a triangular wave 
of current through the vertical-out¬ 
put transformer T 2 and through the 
vertical-deflection coils of the picture 
tube. The rising portion of the tri¬ 
angular current wave produces the 
vertical scanning, and the decreasing 
portion of the wave provides the 
retrace. Blanking pulses to cut off 
the picture tube during vertical and 
horizontal retrace periods are cou¬ 
pled from the secondary of T 2 and 
from the VERT LIN potentiometer 
(combined sync waveform before in¬ 
tegration) to the control grid of the 
picture tube. 

The 1G3GT (or 1B3GT) half¬ 
wave rectifier circuit develops the 
dc operating voltages for the picture 
tube. The ac input power to the 
rectifier is supplied by the horizon¬ 
tal-deflection circuits. The sudden 
cutoff of plate current in the hori¬ 
zontal-output stage at the beginning 
of the retrace period causes a very 
large, positive-going voltage pulse 

29-28 


to be generated across the high- 
voltage transformer Ti. The recti¬ 
fier converts this voltage pulse to a 
dc output voltage of approximately 
18,000 volts, which is applied to the 
inner coating of the picture tube. 
Removal of negative overshoots that 
would be developed across the high- 
voltage transformer because of a 
flywheel effect is accomplished by 
connection of a 17BS3A rectifier 
(damper) tube across the horizontal- 
deflection coils which are in parallel 
with the lower tapped section of the 
high-voltage transformer. The polar¬ 
ity of the damper tube is such that 
the positive pulse developed across 
the high-voltage transformer causes 
no current flow through it. For nega¬ 
tive pulses, however, the damper 
tube provides a low-impedance path 
for the current, and energy stored 
in the horizontal-deflection coils dur¬ 
ing the preceding half-cycle is dis¬ 
sipated as heat at the damper-tube 
plate to prevent oscillation in the 
coils. The current through the damp¬ 
er tube develops a dc voltage of 450 
volts across the 0.027-microfarad ca¬ 
pacitor Cs in the cathode circuit. The 
0.68-megohm dropping resistor Ru re¬ 
duces this voltage to obtain the 
boosted B+ of 250 volts required for 
operation of the audio detector-am¬ 
plifier (part of circuit 29-25). 


LOW-VOLTAGE AND HEATER SUPPLY 

For Black-and-White TV Receiver 


Circuit Description 

This circuit includes the low- 
voltage ( +150-volt) dc power sup¬ 
ply and the series heater connec¬ 
tions for circuits 29-24 through 29- 
27. As mentioned previously, the 
power supply and these four cir¬ 
cuits comprise a complete black-and- 
white television receiver, with the 
exception of the picture tube and 
the vertical- and horizontal-deflection 
yokes. 

The power supply is a half-wave 


type which uses a 1N3194 silicon 
rectifier. The 117-volt ac input is 
connected to the power supply 
through an interlock, Si, which may 
be mounted on the back cover of 
the receiver. AC input power is then 
automatically disconnected from the 
receiver when the back cover is re¬ 
moved. ON-OFF switch S 2 controls 
the application of ac power to the 
power-supply circuit and to the tube 
heaters. With Sj and S 2 both closed, 
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29-28 LOW-VOLTAGE AND HEATER SUPPLY (Cont'd) 



Parts List 


Ci=0.22 /jlF, paper, 600 V 
C 2 , Cs^O.OOl, ceramic, 500 V, 
part of assembly with Li 
C3=680 pF, ceramic, 1000 V 
Ci=250 ti F, electrolytic, 200 V 
Co, Co=680 pF, ceramic, 

500 V 

C7=400 /iF, electrolytic, 175 V 
Cs=0.001 fiF, ceramic, 500 V 
Cio=1000 pF, feedthrough, 
6000 V 


Fi=Fuse, chemical, 0.45 
ampere, RCA Stock No. 
114446 or equiv. 

Li=RF choke, part of heater 
printed-circuit board, RCA 
Stock No. 114499 or equiv¬ 
alent (includes the two 
0.001 -aiF capacitors C 2 and 
Cs) 

L 2 =Filter choke (reactor), 
RCA Stock No. 114501 or 


equiv. 

Ls=:RF choke for VHF tuner 
filament circuit 
Ri=Resistor-fuse, 0.35 ohm, 
RCA Stock No. 114481 or 
equiv. 

R2=330 ohms, 1 watt 
THi=Surge protection re¬ 
sistor (thermistor), 16 
ohms (cold), RCA Stock 
No. 114480. 


Circuit Description (Cont'd) 

the 117-volt power from the ac pow¬ 
er line is applied to the series heater 
network and to the 1N3194 rectifier 
circuit. Two 0.001-microfarad (C 2 and 
C B ) and two 680-picofarad (Co and 
Co) bypass capacitors and rf chokes 
Li and L 3 are included in the heater 
circuit to filter out any stray high- 
frequency signals that may be cou¬ 
pled from the rf and if signal chan¬ 
nels. 

The 117-volt ac input is con¬ 
verted to pulsating dc by the 1N3194 
silicon rectifier. A capacitor-input, 
pi-type LC filter network filters the 


rectifier output to obtain a smooth 
dc voltage that approaches the peak 
value of the input ac voltage. The 
680-picofarad capacitor C 5 in parallel 
with the 1N3194 rectifier and the 
thermistor THi in series with it pro¬ 
vide surge-current protection for the 
rectifier. Initial surges of current that 
may result when power is first ap¬ 
plied to the circuit (before a charge 
is developed across the input filter 
capacitor) are partially bypassed by 
the 680-picofarad capacitor and are 
limited in magnitude by the cold 
resistance of the thermistor. The 
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29-28 LOW-VOLTAGE AND HEATER SUPPLY (Cont’d) 


Circuit Description (Cont’d) 

thermistor has a negative tempera¬ 
ture coefficient of resistance, and by 
the time the charge of the input 
capacitor C 4 builds up sufficiently to 
limit the current through the recti¬ 
fier to a safe value, the resistance 
of the heated thermistor is small 
enough so that circuit power losses 
across this device are negligible. The 
resistor-fuse element Ri in series with 


the 1N3194 rectifier provides pro¬ 
tection against any continuous cir¬ 
cuit overload. The + 150-volt output 
from the power-supply filter network 
is used as the main B+ voltage for 
the television receiver. The 330-ohm, 
1-watt dropping resistor R 2 at the out¬ 
put of the filter network reduces this 
voltage to the +140 volts required 
as the B+ voltage in the vhf tuner. 


COLOR TELEVISION RECEIVER 


Circuits 29-29 through 29-35 
comprise a complete portable color 
television receiver. The brief signal¬ 
tracing analyses of these circuits as¬ 
sume that the reader has a basic 
knowledge of the purpose and opera¬ 
tion of the various circuit sections of 
a color receiver. (The analyses can be 
more easily understood if the reader 
reviews the general discussions on 
television circuits given in the section 
on Electron Tube Applications start¬ 
ing on page 15). The receiver, which 
is essentially identical to the RCA 
Type CTC-22, features direct-line op¬ 


eration; the chassis of circuits 29-29 
through 29-35, therefore, are con¬ 
nected to one side of the ac line dur¬ 
ing operation. Servicing of these 
circuits should not be attempted by 
persons not familiar with the precau¬ 
tions necessary when working on this 
type of equipment. (See notes 1 and 
2 on page 712.) 

Note: Circuits 29-29 through 29-35 are in¬ 
cluded in tnis manual primarily to illustrate 
applications of RCA electron tubes. Because 
of the exceptionally high voltages (up to 
21,500 volts), high frequencies, and large 
bandwidths that are required and of the 
many special components that are used, 
home construction of these circuits is not 
recommended. 


29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 
AND HEATER CONNECTIONS 

For Color Television Receiver 


Circuit Description 

This circuit includes the low- 
voltage (+280-volt) dc power supply, 
degaussing circuitry, and heater con¬ 
nections for a color television re¬ 
ceiver. The tube heaters, with the 
exception of the color picture tube, 
are connected in series across the ac 
power line. Heater power for the 
picture tube is supplied by trans¬ 
former Ti. With ON-OFF switch Si 
closed, the 117-volt power from the 
ac power line is applied to the series 
heater string and to the primary of 
transformer Ti. The 117-volt ac in¬ 
put power is stepped down by trans¬ 
former Ti to 6.3 volts at 1.0 ampere 
and applied to the heater of the 
15LP22 color picture tube. Bypass 


capacitors and rf chokes are in¬ 
cluded in the series heater string 
to filter out any stray high-frequency 
signals that may be coupled from 
the rf and if signal channels of the 
receiver. 

Two silicon rectifiers CRi and 
CRa are used in a voltage-doubler 
circuit to convert the 117-volt ac in¬ 
put power to the +280-volt B+ sup¬ 
ply voltage for the receiver. This 
doubler circuit also provides a 160- 
volt output from the junction of re¬ 
sistors R 4 and R 5 , a -f 140-volt output 
from the junction of resistor R 3 and 
capacitor C 4 , and a 95-volt output 
from the junction of resistor R 5 and 
capacitor Ci 6 . The dc voltage outputs 
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29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 
AND HEATER CONNECTIONS (Cont’d) 



Parts List 

Ci=0.047 /aF, paper, 600 V 
C2=250 jiF, electrolytic, 175 V 
C3=50 fiF, electrolytic, 250 V 
C4=100 /aF, electrolytic, 300 V 
Co=150 /aF, electrolytic, 350 V 
Co=100 /aF, electrolytic, 350 V 
C 7 through Ci4=1000 pF, 
ceramic, 500 V 
Cis=2 /aF, electrolytic, 175 V 
CBn=Circuit breaker (in¬ 
cludes R 2 ), RCA Stock No. 
120784 or equiv. 

CRi, CR 2 =Silicon rectifiers, 
RCA Stock No. 113998 or 


equiv. 

Fi=Fuse, 7-ampere, 250-volt 

Li, L 2 =Inductor, 60-Hz line 
filter 

L3, L4=Degaussing coils, 
RCA Stock No. 120793 or 
equiv. 

Ls=Filter choke, RCA Stock 
No. 120792 or equiv. 

Le, L7, Ls=RF choke 

Ri—2 ohms, wirewound, 

7 watts 

R2=1.3 ohms, part of CBi 

R3=3900 ohms, wirewound. 


10 watts 

Ri=47000 ohms, 1 watt 
Ro=10000 ohms, 7 watts 
Si=ON-OFF switch, single¬ 
pole, single-throw 
S 2 =Degaussing switch, RCA 
Stock No. 120829 or equiv. 
Ti—Filament transformer; 
primary, 117-volt; sec¬ 
ondary, 6.3-volt, 1-ampere 
THi=Thermistor; cold re¬ 
sistance, 120 ohms 

See Note on page 726. 
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29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 

AND HEATER CONNECTIONS (Cont'd) 

Circuit Description (Cont’d) 


are filtered by the pi-section filter 
network formed by L.,, C 5 , and C.!. 

The ac line is protected against 
any continuous circuit overload by a 
7-ampere fuse, Fi, connected in series 
with one side of the line to ground. 
Surge protection is provided by a 
thermistor THi connected in series 
with the B-f rectifiers (CRi and 
CR:.-). The B-f circuit is protected 
by a special thermal reset circuit 
breaker CBi. The circait breaker 
opens the B-f line whenever the cur¬ 
rent demand on the low voltage 
power supply or the current through 
the horizontal output stage becomes 
excessive. 

The circuit breaker has a resis¬ 
tive winding (approximately 1.3 
ohms) that completes the ground re¬ 
turn for the horizontal output tube. 
If the cathode current of the output 
tube becomes excessive, the resistive 
winding heats and causes the bi¬ 
metal strip in the circuit breaker to 
expand unequally. The resultant 
flexing of the bi-metal strip discon¬ 
nects the breaker switch contacts 
and thereby opens the B-f line. The 
same action occurs when the B-|- cur¬ 
rent demand becomes excessive. 

Degaussing of the color receiver 
is initiated by depression of the 
spring-loaded switch S 2 to the DE¬ 
GAUSS position. With S 2 in the 
NORMAL position, capacitors C 2 and 
C 3 are combined in parallel to pro¬ 
vide the charging capacitance for the 


voltage-doubler circuit. For this con¬ 
dition, the parallel capacitors C 2 
and Ca are charged to approximately 
142 volts and capacitor Ct is charged 
to 140 volts to provide the -f280-volt 
B-f voltage. When S» is depressed to 
the DEGAUSS position, capacitor C 2 
is disconnected from the circuit, and 
degaussing coils La and L t are con¬ 
nected in series with the power- 
supply rectifiers and capacitor Ca. 
When the line voltage swings posi¬ 
tive, Ca is charged through C», de¬ 
gaussing coils La and L., and CR 2 ; 
when the line voltage is negative, 
Ca is charged through CRi and the 
degaussing coils. This alternate 
cycling results in a symmetrical 
decaying wavetrain through the de¬ 
gaussing coils. The degaussing coils 
physically are looped about the re¬ 
ceiver chassis in proximity to the 
color picture tube. The alternating- 
magnetic fields developed by the de¬ 
caying current wavetrain through 
these coils effectively demagnetizes 
the picture tube and adjacent 
chassis areas. The wavetrain de¬ 
creases to zero when C a is charged 
to twice the peak value of the line 
voltage (approximately 330 volts 
dc). The degaussing action is com¬ 
pleted in less than 1 second. It is 
only necessary, therefore, to mo¬ 
mentarily depress switch S 2 to the 
DEGAUSS position. When the switch 
is released, it automatically returns 
to the NORMAL position. 


29-30 VHF TUNER 

For Color Television Receiver 


Circuit Description 

This vhf tuner operates from a 
dc voltage of -f280 volts obtained 
from the low-voltage power supply 
in the color television receiver. The 
tuner employs a 2EG4 nuvistor tri- 
ode in the rf amplifier stage and uses 
a 4KE8 triode-pentode for the os¬ 


cillator and mixer stages. The 
heaters of these tubes are con¬ 
nected in series with those of other 
tubes in the receiver; power for the 
series-heater string is obtained di¬ 
rectly from the 117-volt ac power 
line. This tuner is very similar to 




Note: Switches Si through Sr, are pranged together on the same shaft and are 
shown in channel 13 position. 
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29-30 


Parts List 

Ci=0.033 fiF, paper, 200 V 
C 2 , C 20 , C 23 , C24=1000 pF, 
feedthrough, 500 V 
C3=47 pF ±:5%, ceramic, 

500 V, N750 

Ci=2 pF, feedthrough, RCA 
Stock No. 119595 or equiv. 
Cs=Trimmer, 2 to 10 pF, 
RCA Stock No. 112038 or 
equiv. 

Cg= 27 pF ±5%, ceramic, 

500 V, N750 
C7=47 pF, feedthrough, 

600 V 

C8, C», C 10 , Cii=27 pF 
±5%, ceramic, 500 V, N470 
Ci2=2.7 pF, headed lead, 

500 V 

Ci3=33 pF, ceramic, 500 V, 
N750 

Ci4=39 pF, feedthrough, 

500 V 

Ci5=4.7 pF ±5%, headed 
lead, 500 V 

Cie=680 pF, ceramic, 500 V 
Ci7=62 pF ±5%, ceramic, 
1000 V, N1500 
Ci8=27 pF, ceramic, 500 V 
Cis=2 pF, ceramic, 500 V, 
NPO 

C2i=5.6 pF ±5%, ceramic, 

500 V, N150 

C22=27 pF, ceramic, 500 V, 
NPO 

C25=0.047 /i F, ceramic, 500 V 
Li=RF amplifier grid coil, 
part of S3 assembly 
L 2 =UHF trap 

L 3 =RF amplifier grid-circuit 
coil, part of Ss assembly 
Li, Ls, Le=Filter coils for 
high-pass filter network, 
part of Ti assembly 
L, 7 =RF amplifier plate coil. 


VHF TUNER (Cont’d) 


part of S3 assembly 
Ls through Li8=RF amplifier 
plate-circuit tuning coils, 
part of S3 assembly 
Lie through L 28 =Antenna 
tuning coils, part of So 
assembly 

L 29 , L3o=High-band coupling 
adjust coils 

L3i=Mixer grid coil, part of 
S 2 assembly 
L32 through L42=Mixer 
tuning coils, part of S 2 
assembly 

L 43 , L44=Low-band coupling 
adjust 

Li5=RF amplifier grid-circuit 
coil, part of So assembly 
L4 o=IF input coil for signals 
from uhf tuner, RCA 
Stock No. 120782 or equiv. 
Li7=RF coil, part of input 
circuit for signals from 
uhf tuner 

Li8=Mixer plate coil, RCA 
Stock No. 112909 or equiv. 
Li9=RF filter coil 
L50=Channel 13 range¬ 
centering coil 
Lsi through Lc 2 =Local- 

oscillator tuning coils, part 
of Si assembly 
Ji, J 2 =Single-contact female 
connector, RCA Stock No. 
104039 or equiv. 

Ri=47000 ohms, 0.5 watt 
R2=16000 ohms, 3 watts 
R3=4700 ohms, 1 watt 
R4=82000 ohms, 0.5 watt 
R5=1500 ohms, 0.5 watt 
Ro=10000 ohms, 0.5 watt 
R7=2200 ohms, 0.5 watt 
Rs, Rio=10 ohms, 0.5 watt 
Re, Ri3=1000 ohms, 0.5 watt 


Rii=27000 ohms, 0.5 watt 
Ri2=68000 ohms, 1 watt 
Ri4=5600 ohms, 0.5 watt 
Ri5=6800 ohms, 0.5 watt 
Rio=680 ohms, 1 watt 
Si=Local-oscillator section of 
channel-selector switch; 
stator assembly, RCA 
Stock No. 114837 or equiv., 
includes local-oscillator 
tuning coils Lsi through 
LC2 

S 2 =Mixer section of channel- 
selector switch; stator 
assembly, RCA Stock No. 
120084 or equiv., includes 
mixer tuning coils L 31 
through L 42 

S3=RF amplifier section of 
channel-selector switch ; 
stator assembly, RCA 
Stock No. 120086 or equiv., 
includes rf amplifier plate 
tuning coils L 7 through Li8 
S4=UHF function switch 
assembly ; part of channel- 
selector switch; stator 
assembly, RCA Stock No. 
114807 or equiv. 
S5=Antenna section of 
channel-selector switch ; 
stator assembly, RCA 
Stock No. 120087 or equiv., 
includes antenna tuning 
coils Li, L45, and L19 
through L 28 

Ti=Antenna matching trans¬ 
former (includes coils Li, 
Ls, and Lg in high-pass 
filter network), RCA Stock 
No. 113968 

See Note on page 726. 


Circuit Description (Cont'd) 

the tuner for a black-and-white tele¬ 
vision receiver (shown in circuit 29- 
24), and it operates equally well for 
either color or black-and-white trans¬ 
missions. 

The antenna used with the tuner 
is a balanced 300-ohm dipole type 
which is matched to the unbalanced 
tuner input circuit by the antenna 
matching transformer Ti. The 
ganged 5-section, 13-position channel 
selector, Si through S 5 , establishes 
the operating frequency of the tuner 
for each of the vhf channels 2 
through 13 or adapts the vhf tuner 
for operation with a uhf tuner. 
When used with a uhf tuner, the 
vhf tuner is operated as a two stage 
broadband rf amplifier and becomes 
essentially a pre-if amplifier for the 
color television receiver. 


With the channel selector set to 
any of the channel positions 2 
through 13, telecast signals, either 
color or black-and-white, from the 
selected channel are coupled from the 
antenna circuit through sections S 4 
and S 5 of the channel selector to the 
control grid of the 2EG4 rf amplifier. 
For channel positions 2 through 13, 
the input lead (IF INPUT) from the 
uhf tuner is not connected to the 
vhf tuner. 

The vhf input signals are ampli¬ 
fied by the rf amplifier. The S 6 and 
S 3 sections of the channel selector 
connect the appropriate combinations 
of inductors into the grid and plate 
circuits of the rf amplifier to tune 
this stage to the desired frequency 
channel. An age bias voltage, de¬ 
rived from the keyed age amplifier 
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VHF TUNER (Cont’d) 


29-30 

Circuit Description (Cont’d) 

in another section of the color re¬ 
ceiver (circuit 29-32), is applied to 
the control grid of the 2EG4 to con¬ 
trol the gain of the rf amplifier 
automatically. 

The output of the rf amplifier 
is coupled through sections S 2 and 
S 3 of the channel selector to the con¬ 
trol grid of the 4KE8 pentode sec¬ 
tion used in the mixer stage. Section 
S 3 of the ganged channel selector 
selects the proper combination of in¬ 
ductors to tune the mixer input 
circuit to the same operating fre¬ 
quency as that of the rf amplifier. 
A signal from the plate of the 
4KE8 triode section used in the local- 
oscillator stage is also applied to 
the mixer. Section Si of the channel 
selector selects the required induc¬ 
tance so that the oscillator operates 
at a frequency 45.75 MHz above the 
video carrier frequency of the vhf 
channel selected by the tuner. 

The signals from the rf ampli¬ 
fier and local oscillator are hetero¬ 
dyned in the mixer stage to produce 
the 45.75-MHz amplitude-modulated 
and 41.25-MHz frequency-modulated 
difference freqencies used as picture 
and sound intermediate frequencies, 
respectively. The composite color 
signal received at the antenna also 
includes a 3.58-MHz color subcarrier 
sideband. This subcarrier is also 


heterodyned with the local-oscillator 
frequency to produce a color-sub¬ 
carrier intermediate frequency of 
42.17 MHz. The picture, color-sub¬ 
carrier, and sound if signals are 
coupled from the plate of the mixer 
through J 2 to the if stages of the 
receiver. 

When the multiple-section chan¬ 
nel selector is rotated to the UHF 
position, S 5 disconnects the vhf an¬ 
tenna circuit from the rf amplifier, 
and section S 4 completes a connection 
to the 280-volt B-f line through sev¬ 
eral voltage-dropping resistors to 
provide a dc voltage output of 18 
volts for use as the B-f- voltage for 
a uhf tuner. The video, sound and 
color-subcarrier if signals from a 
uhf tuner can then be applied 
through the IF INPUT jack Ji and 
contacts of S 4 and S 5 to the control 
grid of the 2EG4 rf amplifier. 

With the channel selector in the 
UHF position, switch section Si 
opens the B-f line to the local oscil¬ 
lator to disable this stage. In addi¬ 
tion, sections S 2 , S 3 , and S 5 select the 
proper combination of components 
so that the rf amplifier and mixer 
stages operate as broadband 44-MHz 
amplifiers to provide two stages of 
amplification of the picture and 
sound if signals ahead of the receiver 
main if strip. 


29-31 VIDEO-AND SOUND-CHANNEL CIRCUITS 

For Color Television Receiver 


These circuits form the video 
and sound channels for a color tele¬ 
vision receiver. The circuits operate 
from a dc supply voltage of 280 
volts, obtained from the receiver 
low-voltage power supply. The tube 
heaters are included in the series- 
heater string for the over-all re¬ 
ceiver. Operating power for the 
series-heater string is obtained di¬ 
rectly from the 117-volt ac power 
line. 

The picture if-amplifier circuit 


consists of two high-gain stages that 
use high-transconductance frame- 
grid tubes and double-tuned inter¬ 
stage coupling transformers. The 
composite if input from the vhf 
tuner which consists of amplitude- 
modulated 45.75-MHz picture signals 
42.17-MHz color-subcarrier compo¬ 
nents, and frequency-modulated 
41.25-MHz sound signals, are coupled 
by capacitor C» and transformer T 6 
to the control grid of the 3KT6 
pentode used in the first picture if 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont’d) 


FROM B BOOST SUPPLY 
THROUGH 0 . 12 —MEGOHM RESISTOR 
490V R7 



Parts List 

Ci=5 pF, part of Ti 

C2=1000 pF ±5%, ceramic, 
500 V 

Cb, Cs, Ce, C14— 0.01 fi F, 
ceramic, 500 V 

C4— 10 pF ±5%, ceramic, 
500 V, NPO 

Cg= 1.5 pF, ceramic, 500 V, 
NPO 

C7=6 pF, part of T 2 

Cs=47 pF, ceramic, 500 V, 
N750 


Cio=150 pF, part of T 3 
Cn=39 pF, ceramic, 500 V, 
N750 

Ci2=560 pF, ceramic, 500 V 
C13— 10 pF, part of T 4 
Ci5=4 pF, ceramic, 500 V 
Cm—10 pF, ceramic, 500 V, 
NPO 

Ci7=:6800 pF, ceramic, 500 V 
Cis=:47 pF, ceramic, 500 V, 
N750 

Cio=0.047 pF, ceramic, 500 V 


020=0.0033 fiF, paper, 1600 V 
C 2 i=Trimmer, 3 to 15 pF, 
RCA Stock No. 116502 or 
equiv. 

C22=150 pF ±5%, mica, 

500 V 

C23, C20, C28, C3.->=1000 pF, 
ceramic, 500 V 
C24=330 pF, mica, 500 V 
C 2.-,=24 pF, ceramic, 500 V, 
NPO 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont’d) 


Parts List (Cont’d) 

C27=4700 pF, ceramic, 500 V 
C29=430 pF ±5%, mica, 

500 V 

C3o=150 pF, mica, 500 V 
C»i=0.047 jxF, Mylar, 100 V 
032=0.047 F, ceramic, 100 V 
C 33=0.1 ix F, Mylar, 100 V 
Cs 4=560 pF, ceramic, 500 V 
C3«=680 pF, ceramic, 500 V 
C37=220 pF, ceramic, 500 V 
C38=50 jx F, electrolytic, 50 V 
CRi, CRa, CR 3 =1N60 diode 
CR 4 =Vertical-blanking diode, 
RCA Stock No. 115867 or 
equiv. 

DLi=Delay line, RCA Stock 
No. 120786 or equiv. 

Li=RF choke, 3.9 jx H, RCA 
Stock No. 116507 or equiv. 
L 2 , Lio=RF choke, 1.8 .uH, 
RCA Stock No. 109248 or 
equiv. 

Ls=RF choke, 12 /zH, RCA 
Stock No. 120831 
L 4 =Inductor for 47.25-MHz 
trap, RCA Stock No. 

121447 or equiv. 

L* 5 =Video-detector filter coil, 
5.6 /zH, RCA Stock No. 
109171 or equiv. 

La, L8=Part of 4.5-MHz 
trap, RCA Stock No. 

121446 or equiv. 

L 7 =Video-detector filter coil, 
36 /zH, RCA Stock No. 
16056 or equiv. 

L»=RF choke, 100 /zH, RCA 
Stock No. 117380 or equiv. 
Lii=Filter coil, 27 /zH, 

RCA Stock No. 116511 
or equiv. 

Li 2 =Filter network (in¬ 
cludes resistor R 32 ) ; RCA 
Stock No. 116499 or equiv. 
Li 3 =Second-video plate coil, 


330 /zH, RCA Stock No. 
118710 or equiv. 
Li4=First-video plate coil, 

1.8 fx H, RCA Stock No. 
78466 or equiv. 

Ri, Ra, R 35 , Rz 3=270 ohms, 

0.5 watt 

R 2 , R2r,=10000 ohms, 0.5 watt 
R3=8200 ohms, 0.5 watt 
R4=0.15 megohm, may be part 
of T 2 

Rs=3300 ohms, 0.5 watt 
R7=0.68 megohm, 0.5 watt 
R8=0.47 megohm, 0.5 watt 
Ro—68000 ohms, may be part 
of T t 

Rio=Potentiometer, volume 
control, 1 megohm, 

0.5 watt 

Rn=Potentiometer, sound- 
rejection adjustment, 

7500 ohms, 0.5 watt 
Ri2=0.33 megohm, 0.5 watt 
Ris, R.3 o= 0.1 megohm, 

0.5 watt 

Ri4=3900 ohms, ±5%, 

0.5 watt 

Rir,=56 ohms, ±5%, 

0.5 watt 

Ria=1000 ohms, 0.5 watt 
Ri7=22000 ohms, 4 watts 
Ris=6800 ohms, ±5%, 

0.5 watt 

Rio=150 ohms, ±5%, 

0.5 watt 

R2o= 470 ohms, 0.5 watt 
R2i=1200 ohms, 0.5 watt 
R22=4700 ohms, 0.5 watt 
R23=0.18 megohm, 0.5 watt 
R24=5.6 megohms, 0.5 watt 
R2o=22 megohms, 0.5 watt 
R27=2.7 megohms, 0.5 watt 
R 28 =Potentiometer, bright¬ 
ness control, 0.25 megohm, 
RCA Stock No. 120775 


or equiv. 

R29=680 ohms ±5%, 

0.5 watt 

R3i=r0.22 megohm, 0.5 watt 
Rs 2=2200 ohms, part of 
assembly with Li 2 
R33=0.39 megohm, 0.5 watt 
RatzrO.12 megohm, 0.5 watt 
R3o=100 ohms, 0.5 watt 
Ra7=5600 ohms, 0.5 watt 
Ras=560 ohms, 0.5 watt 
Rao=22000 ohms, 3 watts 
R 4 o=: 6800 ohms, 4 watts 
R-tmrlOOOO ohms, 3 watts 
Ri2=33000 ohms, 4 watts 
Ti=Sound-takeoff trans¬ 
former (includes Ci), RCA 
Stock No. 120824 or equiv. 
T2=4.5-MHz sound if trans¬ 
former (includes C 7 and 
may include Ri), RCA 
Stock No. 120828 or equiv. 
Ta=Pix if output trans¬ 
former and 41.25-MHz 
trap, RCA Stock No. 

120827 or equiv. 
T4=Sound-demodulator 
quadrature network (in¬ 
cludes Ci 3 and may include 
R 9 ), RCA Stock No. 120825 
or equiv. 

Tr»=Audio output trans¬ 
former, matches 5000-ohm 
tube-plate impedance to 
3.2-ohm speaker voice coil, 
RCA Stock No. 120822 or 
equiv. 

Tu=IF input transformer 
and 41 25-MHz trap, 

RCA Stock No. 116560 
or equiv. 

T7=Pix if transformer, 

RCA Stock No. 120826 
or eouiv. 

See Note on page 726. 


Circuit Description (Cont’d) 

amplifier. The 3KT6 tube has good 
remote-cutoff characteristics, and 
the automatic-gain-control (age) 
bias voltage from the receiver age 
amplifier (shown in circuit 29-32) is 
also applied to the control-grid cir¬ 
cuit of this tube. The output of the 
first picture if amplifier is coupled 
by transformer T 7 to the control grid 
of the 3JC6A pentode used in the 
second picture if amplifier. Capacitor 
Co couples the output of the second 
picture if amplifier to the sound de¬ 
tector, and transformer T 3 couples 
the output to the video (pix) de¬ 
tector. Transformers To, T 7 , and T 3 
are stagger-tuned to obtain the wide 
band pass required for the if ampli¬ 
fiers to pass both the 45.75-MHz 
video AM signals and the 41.25-MHz 


sound FM signals, as well as the in¬ 
termediate 42.17 color subcarrier. 

The sound detector (CRl and as¬ 
sociated components) is essentially 
a second mixer circuit. The 45.75- 
MHz picture if signal and the 41.25 
sound if signal are heterodyned to 
produce a second sound if carrier of 
4.5 MHz. This 4.5-MHz sound if car¬ 
rier is still frequency-modulated by 
the audio components contained in 
the original rf signal input at the 
receiver antenna. The sound-takeoff 
transformer Ti forms a selective load 
impedance for the 4.5-MHz if signal 
derived in the sound detector circuit. 

The 4.5 MHz signal developed 
across sound-takeoff transformer T 5 
is applied to the control grid of the 
3JC6A sound if amplifier. The ampli- 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 


Circuit Description (Cont’d) 
tied 4.5 MHz FM if signal from this 
stage is then coupled by the double- 
tuned transformer T- to the control 
grid of the 5HZ6 sound demodulator. 
This stage demodulates the 4.5- 
MHz sound if signal and amplifies 
the resultant audio signal voltage. 
The +490 volts used as the plate 
supply for the 5HZ6 demodulator 
tube is derived from the 700-volt 
B Boost supply in the horizontal- 
output stage (shown in circuit 29- 
33) of the receiver. 

The tuned secondary circuit of 
transformer T 3 selects the 45.75- 
MHz amplitude-modulated picture 
and 42.17-MHz color sideband signals 
from the composite if signal and 
applies this picture signal to the 
video detector (CR- and associated 
components). The detected video sig¬ 
nal developed across the detector- 
circuit filter network (L 5 , Lo, L 7 , L 8 , 
and C 3 o) is then coupled through C 3 i 
and Ri> 3 to the control grid of the 
5GH8A triode section used in the 
first video amplifier (the pentode 
section of the 5GH8A tube is used 
in the sync-agc-and-chroma driver, 
shown in circuit 29-32). The first 
video amplifier supplies the input 
signals to the sync-agc-and-chroma 
driver and to the second video ampli¬ 
fier. 

The second video stage performs 
many functions. The input circuit of 
the 11HM7 pentode used in this 
stage is the insertion point for hori¬ 
zontal blanking pulses (for eventual 
application to the cathodes of the 
color picture tube). The horizontal 
blanking diode CR 3 is placed in the 
conducting mode by a small positive 
voltage applied to its anode through 
the dropping resistor R 33 from the 
280-volt B+ source. During active 
video scanning time, diode CR 3 is 
forward-biased (conducting), and 
the video signal is coupled by capaci¬ 
tor Can, to the control grid of the 
video amplifier. During horizontal 
blanking time, a negative pulse from 
the horizontal-output transformer 


(Ti in circuit 29-33) is applied 
through C 3t and R 3l to the diode. 
This negative pulse is sufficient to 
cut off the diode during horizontal 
retrace time. The pulse is applied 
to the control grid of the second 
video amplifier and drives the grid 
more negative (than would the nor¬ 
mal horizontal sync pulse). The neg¬ 
ative signal at the grid is inverted 
at the plate; the added positive level 
coupled to the cathodes of the color 
picture tube is sufficient to provide 
blanking of horizontal retrace lines. 

The brightness control for the 
color receiver is also located in the 
control-grid circuit of the second 
video amplifier. Negative dc grid 
bias for the 11HM7 second video 
tube is derived from the ac voltage 
obtained from the heater, pin 6, of 
the second video tube. The 11HM7 
heater is in the approximate center 
of the series heater string (refer to 
circuit 29-29); at this point, approx¬ 
imately 60 volts of ac voltage is 
available. The negative dc voltage 
(about —75 volts) is developed across 
C 3; < by the IN3194 rectifier circuit. Ad¬ 
justment of the brightness control, 
R 38 alters the grid bias by “tapping” 
the positive voltage applied to the 
top of the control. This unique 
circuit arrangement provides auto¬ 
matic brightness compensation with 
changes in power-line voltage. If 
line voltage increases, the negative 
voltage across C 33 increases; the in¬ 
creased bias that is then applied to 
the 11HM7 decreases the conduction 
of this tube. The opposite action oc¬ 
curs with a decrease in line volt¬ 
age. 

The cathode of the second video 
amplifier is returned to the contrast 
control Ru. Brightness stability is 
obtained by use of a fixed 150-ohm, 
5-per cent resistor, Ri 3 , for dc cath¬ 
ode bias. Adjustment of the contrast 
control does not change the dc char¬ 
acteristics of the cathode; only the 
ac signal gain of the stage is altered 
when the control is adjusted. 



Circuits 


735 


29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont f d) 


Circuit Description (Cont’d) 

Vertical-retrace blanking is ac¬ 
complished in the plate circuit of the 
second video amplifier. During ac¬ 
tive scan periods, the vertical-blank¬ 
ing diode CR 4 is forward-biased 
(conducts); during vertical retrace 
periods, however, a positive (blank¬ 
ing) pulse from the vertical-output 
transformer (To in circuit 29-33) is 
applied through R 38 to the cathode 
of the diode. This 60-volt positive 


pulse is large enough to bias the 
diode into cutoff. During the blank¬ 
ing interval, the positive voltage 
pulse is added to the plate voltage 
of the 11HM7 second-video tube and 
applied to the cathode circuits of the 
color picture tube. As a result of the 
increased positive potential at the 
cathode, the picture tube is cut off 
during vertical retrace periods. 


29-32 SYNC, AGC, AND VERTICAL-DEFLECTION CIRCUITS 

For Color Television Receiver 



Ci=0.18 /iT, Mylar, 200 V 
C2=24 pF, ceramic, 500 V, 
NPO 

C3, Ci7=0.01 /xF, ceramic, 
500 V 

C4=1000 pF, ceramic, 500 V 
Cs=3300 pF, ceramic, 500 V 
Ce=470 pF, ceramic, 500 V 
C7=0.1 fx F, paper, 600 V 


C«=0.0056 tiF, Mylar, 

400 V 

Co=0.01 n F, Mylar, 600 V 
C 10 , Cio=680 pF, ceramic, 

500 V 

Cii=0.047 /jlF, Mylar, 100 V 
C 12 —1500 pF, ceramic, 500 V 
Ciy=50 fiF, electrolytic, 

75 V 


C 11 —0.0082 jx F, paper, 

1000 V 

Cig=0.033 fiF, Mylar, 600 V 
Cis=0.001 jxF, ceramic, 

3000 V 

Ci9=25 fL F, electrolytic, 25 V 
Li=RF choke, 120 /iH, part 
of assembly with Ro, RCA 
Stock No. 120795 or equiv. 
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29-32 SYNC, AGC, AND VERTICAL-DEFLECTION 

CIRCUITS (Cont’d) 


Parts List (Cont’d) 

Ri, Ri8=0.15 megohm, 

0.5 watt 

Ro—Potentiometer, age 
adjustment, 50000 ohms, 
0.5 watt, RCA Stock No. 
120804 or equiv. 
R 3 zz27000 ohms, 0.5 watt 
R*=3300 ohms, 0.5 watt 
Rs, R 17 , Ri> 8—10000 ohms, 
0.5 watt 

Re=6800 ohms, 0.5 watt 
R7zz27000 ohms, 1 watt 
R8=1500 ohms, 0.5 watt 
Ro=68000 ohms, 0.5 watt, 
part of assembly with Li 
Rio=0.56 ohms, 0.5 watt 
Rii=1800 ohms, 0.5 watt 
R 12 , R 27 , R 3 i=0.12 megohm. 


0.5 watt 

Ri3=10 megohms, 0.5 watt 
Ru=22000 ohms, 0.5 watt 
Ris=10000 ohms, 3 watts 
Ri6=22 megohms, 0.5 watt 
Ri9=3.3 megohms, 0.5 watt 
R2o=1.5 megohms, 0.5 watt 
R 2 i=Potentiometer, vertical- 
linearity control, 3.4 meg¬ 
ohms, 0.5 watt, RCA 
Stock No. 120807 or equiv. 
R22=56000 ohms, 0.5 watt 
R23=47000 ohms, 0.5 watt 
R24=4.7 megohms, 0.5 watt 
R25=1000 ohms, 0.5 watt 
R 26 —1.5 megohms, 0.5 watt 
R29=0.47 megohm, 0.5 watt 
Rao=33000 ohms ±5%, 


0.5 watt 

R32=0.22 megohm, 0.5 watt 
Rs 3=3300 ohms, 1 watt 
R 3 4=1500 ohms, wirewound, 

3 watts 

Rar,=Potentiometer, vertical- 
height control, 1 megohm, 
0.5 watt, RCA Stock No. 
120805 or equiv. 

R:i«=0.1 megohm, 1 watt 
Ra7=Potentiometer, vertical- 
hold control, 0.75 meg¬ 
ohm, 0.5 watt 
VD Ri=V oltage-dependent 
resistor (varistor) ; 870 
volts at 1 mA; RCA 
Stock No. 112876 or equiv. 
See Note on page 726. 


Circuit Description 

This circuit shows the sync-agc- 
and-chroma driver, age amplifier, 
sync separator, and vertical deflec¬ 
tion circuit for a color television re¬ 
ceiver. The sync-agc-and-chroma 
driver, the sync separator, and the 
vertical output tube operate from 
a plate supply (B+) voltage of 280- 
volts obtained from the receiver low- 
voltage power supply. The plate 
supply voltage for the age amplifier 
is a positive keying pulse from the 
horizontal-output transformer, and 
the plate voltage for the vertical os¬ 
cillator is obtained from the 700- 
volt B Boost supply in the horizontal 
output circuit. The tube heaters are 
connected into the series-heater 
string for the over-all color receiver; 
operating power for the heater 
string is obtained directly from the 
ac power line. 

The drive signal for the sync 
and age circuits is obtained from the 
cathode of the first video amplifier 
(shown in circuit 29-31). This signal 
is coupled by capacitor C 2 and the 
parallel LR network L 2 and R 9 to 
the control grid of the 5GH8A pen¬ 
tode section used in the sync-agc- 
and-chroma driver. (The triode sec¬ 
tion of the 5GH8A tube is used in 
the first video amplifier). The screen- 
grid and control-grid bias voltages 
for the driver pentode are also ob¬ 
tained from the first video amplifier. 
The output of the driver stage is ap¬ 
plied to the control grids of the age 


amplifier and the sync separator and 
to the chroma circuits (shown in 
circuit 29-34). 

The age amplifier uses the pen¬ 
tode section of a 5GH8A triode- 
pentode; the triode section of this 
tube is used in the sync separator. 
The operation of the age amplifier 
is gated by a positive keying pulse 
from the horizontal-output trans¬ 
former (shown in circuit 29-33). This 
pulse, which is synchronized with 
the video signal, overcomes the bias 
provided by the 95 volts (obtained 
from the receiver low-voltage power 
supply, circuit 29-29) applied to 
the cathode circuit of the age ampli¬ 
fier. Portions of the video signal that 
occur coincident with the keying 
pulse (i.e. during the horizontal 
blanking interval) are amplified by 
the age stage. Resistor R x and capac¬ 
itor Ci, together with other filtering 
elements in the control-grid circuit 
of the first picture if amplifier, filter 
out the pulsating components in the 
video signal to obtain a negative dc 
voltage proportional the video sig¬ 
nal and thus to the rf input at the 
receiver antenna. Similarly, an age 
bias voltage for the vhf tuner is de¬ 
veloped across the filter capacitor C 3 . 

Synchronizing pulses are in¬ 
cluded in the composite rf signals 
transmitted by a television broadcast 
station to provide timing informa¬ 
tion required for synchronization of 
the transmitter and receiver scan- 
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29-32 SYNC, AGC, AND VERTICAL-DEFLECTION 

CIRCUITS (Cont'd) 


Circuit Description (Cont’d) 

ning systems. The sync separator 
separates and amplifies the synchro¬ 
nizing pulses contained in the com¬ 
posite video signal it receives from 
the sync-agc-and-chroma driver. 
The 5GH8A triode section used in 
this stage is operated basically as a 
class C limiter. When the video sig¬ 
nal is applied, the stage is biased 
beyond cutoff by the negative volt¬ 
age developed by the grid-leak bias 
network formed by C 6 and R 1S . Only 
the sync pulses in the composite 
video signal have sufficient amplitude 
to drive the sync amplifier into con¬ 
duction. The resultant negative 
pulses developed in the plate circuit 
of the 5GH8A triode section are ap¬ 
plied as the synchronizing inputs to 
the vertical and horizontal deflection 
circuits. 

The vertical-deflection circuit 
employs one section of a 10GF7A 
dual triode in a vertical oscillator 
stage and a vertical output stage. 
These two stages form a basic plate- 
coupled 60-Hz free-running multi¬ 
vibrator that is synchronized by 
negative vertical sync pulses from 
the sync separator stage. The nega¬ 
tive-pulse output from the zync sep¬ 
arator, however, includes horizontal 
sync pulses and equalizing pulses in 
addition to the vertical sync pulses. 
The vertical sync pulses must be 


separated from the composite sync- 
separator output prior to the appli¬ 
cation of the synchronizing input to 
the vertical-deflection circuits. This 
separation is accomplished by in¬ 
tegration of the composite sync- 
separator output across capacitor 
Ci 2 . The integrating network (R 27 
and Ci 2 ) has negligible response for 
the narrow horizontal-sync and 
equalizing pulses, but responds to 
the greater energy contained in the 
much wider vertical-sync pulses to 
develop a triangular voltage wave¬ 
form, coupled by Cm, Co, and R 2B to 
the control grid of the vertical-out¬ 
put triode section, that synchronizes 
the operation of the multivibrator. 
The combination of the triangular 
wave input to the grid of the output 
section and the square-wave multi¬ 
vibrator signal results in a trape¬ 
zoidal voltage waveform at the plate 
of the output section. This trape¬ 
zoidal voltage wave produces a tri¬ 
angular wave of current through the 
vertical-output transformer (T 2 in 
circuit 29-33) and through the ver¬ 
tical deflection coils of the picture 
tube (shown in circuit 29-35). The 
rising portion of the triangular cur¬ 
rent waveform produces the vertical 
scanning, and the decreasing portion 
of the waveform provides the re¬ 
trace. 


29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH VOLTAGE POWER SUPPLY 

For Color Television Receiver 


Circuit Description 

These circuits develop the hori¬ 
zontal scanning signals and the dc 
operating voltage (21,500 volts) for 
the color picture tube (RCA Type 
15LP22) and the receiver B Boost 
voltage (700 volts). The circuits op¬ 
erate from the receiver low-voltage 
(280-volt) supply. The heaters of the 
5GH8A, 24JE6A, and 17KV6A tubes 
used in these circuits are included 
in the series-heater string for the 


over-all receiver; operating power 
for these heaters is obtained directly 
from the 117-volt ac power line. 
Heater power for the 3A3A high- 
voltage rectifier tube is obtained 
from a 3-volt secondary winding on 
the high-voltage transformer. 

A blocking oscillator in which 
the transformer coil is located in the 
cathode circuit is used to obtain 
a large-amplitude horizontal-drive 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH-VOLTAGE POWER SUPPLY (Cont’d) 



Parts List 


Ci=82 pF ±1 pF, ceramic, 
500 V, NPO 

C2=1200 pF, ceramic, 500 V 

C3=0.0018 fiF, paper, 

1000 V 

Ci=150 pF, ceramic, 500 V, 
NPO 

C 5 =0.15 fiF, Mylar, 75 V 

Co=0.01 fiF, Mylar, 600 V 

C 7 =0.01 n F, Mylar, 75 V 

Os, Cis=1200 pF, ceramic, 
500 V 

Co, Cio—0.1 //,F, Mylar, 

400 V 

Cio=15 pF, ceramic, 5000 V, 
N750 

Cii, 013=1000 pF, ceramic, 
500 V 

C 12 , Ci4=0.01 nF, Mylar, 

400 V 

Cie=270 pF ±5%, mica, 

500 V 


Ci7=100 pF, ceramic, 5000 V, 
N1500 

Cis=22 pF, ceramic, 1000 V, 
N750 

Cao=0.1, Mylar, 200 V 
C2i=0.033 plF, Mylar, 600 V 
C22=0.01 /xF, Mylar, 600 V 
C2 s=40 fiF, electrolytic, 

350 V 

0-4=0.047 fi F, Mylar, 

600 V 

C25=150 pF, ceramic, 

2000 V, N1500 
C2o= 270 pF, ceramic, 

2500 V, N1500 
C27=150 pF, ceramic, 

2000 V, N1500 
CRi=AFC diodes, RCA 
Stock No. 109474 or equiv. 
CR 2 =Damper diode, RCA 
Stock No. 120818 or equiv. 
Ji=Octal socket, conver¬ 
gence-circuit input jack. 


RCA Stock No. 77645 or 
equiv. (mates with Pi on 
circuit 26-36) 

J 2 =Octal socket, deflection- 
yoke input jack, RCA 
Stock No. 102787 or equiv. 
(mates with P 2 on circuit 
26-36) 

Li, L 2 =Horizontal-oscillator 
dual-coil assembly, RCA 
Stock No. 109947 or equiv. 

Ls, Li=RF choke, 4.7 /iH, 
RCA Stock No. 120839 
or equiv. 

Lr>=Variable inductor, hori¬ 
zontal efficiency adjust¬ 
ment, RCA Stock No. 
120794 or equiv. 

Ri, R22=0.22 megohm, 

0.5 watt 

R 2 , R2o=0.39 megohm, 

0.5 watt 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH-VOLTAGE POWER SUPPLY (Cont’d) 


Parts List (Cont’d) 

R 3 =:0.27 megohm, 0.5 watt 
R,4=100 ohms, 0.5 watt 
R5=15000 ohms, 0.5 watt 
Ro=1200 ohms, 0.5 watt 
R7=47 ohms, 0.5 watt 
Rs, R2 o= 0.12 megohm, 

0.5 watt 

Ro=0.15 megohm, 0.5 watt 
Rio=82000 ohms, 0.5 watt 
Rii—8.2 megohms, 0.5 watt 
Ri2=680 ohms, 2 watts 
Ri3=82000 ohms ±2%, 

0.5 watt 

Ri4=82000 ohms ±:5%, 

4 watts 


Ri3—100 ohms, 0.5 watt 
Rio=68000 ohms, 1 watt 
Rx7=33000 ohms, 0.5 watt 
Ri8=1000 ohms, 2 watts 
Ri9=10000 ohms, 0.5 watt 
R2i=27000 ohms, 0.5 watt 
R23=10 megohms, 0.5 watt 
R 2 i=Potentiometer, high- 
voltage adjustment, 0.5 
megohm, 0.5 watt 
R25=33000 ohms, 0.5 watt 
R27=0.56 megohm, 0.5 watt 
R 28 —0.27 megohm, 1 watt 
R2o=120 ohms, 0.5 watt 
R3 o= 2.2 megohms, 0.5 watt 


R3i=Potentiometer, horizon¬ 
tal-hold control, 50000 
ohms, 0.5 watt 

SGi=Spark-gap capacitor, 
0.5 pF, 1000 V, RCA 
Stock No. 120819 or equiv. 

Ti^Horizontal-output (fly¬ 
back) transformer, RCA 
Stock No. 120820 or equiv. 

T 2 —Vertical-output trans¬ 
former, RCA Stock No. 
120821 or equiv. 

See Note on page 726. 


Circuit Description (Cont'd) 

waveform. A control stage es¬ 
tablishes the bias for the oscillator 
and, in this way, controls the firing 
of the oscillator stage. The 5GH8A 
triode-pentode is used in these 
stages. The triode section is used as 
the oscillator tube; the pentode sec¬ 
tion is used as a high-gain, low-drift 
control tube. 

When the composite video signal 
is generated at the television broad¬ 
cast station, the leading edge of each 
horizontal sync pulse, of alternate 
equalizing pulses, and of alternate 
serrations of the vertical sync pulses 
are correctly timed to initiate the 
horizontal retrace period. These 
leading-edge components are ex¬ 
tracted from the composite output 
from the sync separator (shown in 
circuit 29-31) and are used to syn¬ 
chronize the operation of the hori¬ 
zontal oscillator. 

The sync waveform is dif¬ 
ferentiated by the RC network (Ci 
and R 2 ) at the input to the horizontal 
deflection circuit to obtain negative 
and positive voltage spikes that cor¬ 
respond to the leading and lagging 
edges, respectively, of the rec¬ 
tangular sync pulses. The ampli¬ 
tude of these voltage spikes is de¬ 
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses; as a re¬ 
sult, with the exception of the serra¬ 


tions, the vertical sync pulses do not 
affect the operation of the hori¬ 
zontal-deflection circuits. The leading 
edge of alternate serrations, how¬ 
ever, correspond to the start of 
horizontal-retrace periods and thus 
may be considered as merely another 
horizontal sync signal. 

The differentiated sync wave¬ 
form is applied to the junction of 
the twin silicon diode CRi used in a 
phase-discriminator type of afc net¬ 
work. The positive voltage spikes in 
the differentiated waveform have no 
effect on the discriminator network. 
The negative-voltage spikes are com¬ 
pared with pulses fedback from the 
horizontal oscillator to derive the 
synchronizing voltage. The frequency 
of the horizontal oscillator and the 
repetition rate of the horizontal sync 
pulses should both be 15,750 Hz, the 
desired horizontal scanning rate for 
the picture tube. If the pulses from 
the oscillator are not coincident with 
the horizontal sync pulses, the phase 
discriminator develops an error volt¬ 
age at the control grid of the control 
tube. The control tube then varies 
the bias and, thus, the firing point of 
the oscillator until it is locked in 
phase with the horizontal sync 
pulses. 

The parallel LC network (L 2 
and C 12 ) in the cathode circuit of the 
oscillator resonates at 15,750 Hz to 
provide frequency stabilization for 
the oscillator. The HOLD control 
R 3 i adusts the frequency of the oscil- 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH-VOLTAGE POWER SUPPLY (Cont'd) 


Circuit Description (Cont'd) 

lator to achieve an exact lock-in with 
the horizontal sync pulses. The out¬ 
put of the blocking oscillator is 
coupled through C 14 and R 4 to the 
control grid of the 24JE6A power 
pentode used in the horizontal-out¬ 
put stage. This tube drives the high- 
voltage flyback transformer Ti that 
develops the scanning voltage for 
the horizontal deflection coils (shown 
in circuit 29-35. 

The sudden cutoff of plate cur¬ 
rent in the horizontal output stage 
at the end of the trace period causes 
a very large, positive-going voltage 
pulse to be generated across the 
high-voltage transformer Ti. The 
3A3A half-wave rectifier circuit con¬ 
verts this pulse to a positive dc of 
21,500 volts which is applied to the 
second anode of the color picture 
tube. 

Regulation of the high voltage 
is achieved by use of a 17KV6A 
pulse-regulator stage connected in 
shunt with a section of the primary 
of the high-voltage flyback trans¬ 
former. The regulator stage acts as 
a variable load on the flyback pulse 
source and, in this way, maintains 
an essentially constant pulse ampli¬ 
tude in the primary winding of 
the high-voltage transformer with 
changing loads on the high-voltage 
supply. This action assures that a 
constant-amplitude, stepped-up pulse 
is applied to the 3A3A rectifier. The 
rectifier output delivered to the pic¬ 
ture tube, therefore, is maintained 
at a constant value of 21,500 volts. 

Removal of negative overshoots 
that would be developed across the 
high-voltage transformer because of 
a flywheel effect is accomplished by 
the damper diode CR 2 . This diode is 
shaped like a fuse and snaps into 
clips that can be mounted on the 
same circuit board with the hori¬ 
zontal deflection circuits and is 
readily replaced during servicing. 


The polarity of the damper diode is 
such that the positive pulse de¬ 
veloped across the high-voltage 
transformer causes no current flow 
through it. For negative pulses, how¬ 
ever, the damper diode provides a 
low impedance path for the current, 
and energy stored in the horizontal 
output transformer (and the hori¬ 
zontal deflection coils) is dissipated 
in the damper circuit. The rectified 
current through the damper diode 
develops the boosted B-j- voltage of 
-{-700 volts across capacitor C 2 i in 
the damper anode circuit. 

The two auxiliary windings on 
the high-voltage transformer supply 
supplementary pulse voltages. The 
upper winding supplies gating pulses 
to the burst-gate and the color-killer 
amplifiers (shown in circuit 29-34). 
The convergence pulse is developed 
across the lower auxiliary winding. 
Keying pulses for the age amplifier 
and the horizontal blanking diode 
are derived from the capacitor net¬ 
work (junction of C 25 and C 27 ) in the 
primary circuit of the high-voltage 
transformer. 

Transformer T 2 shown in the 
circuit diagram is the vertical output 
transformer. The drive signal from 
the vertical output stage (shown in 
circuit 29-32) is developed across the 
primary of this transformer and 
coupled by the secondary winding 
through jack J 2 to the vertical deflec¬ 
tion coils (shown in circuit 29-35). 
An auxiliary winding on transformer 
T 2 develops the keying pulse for the 
vertical blanking diode. The hori¬ 
zontal scanning signal from the high- 
voltage (horizontal-output) trans¬ 
former are also coupled through 
jack Ji to the horizontal deflection 
coils. The horizontal and vertical 
signals to the convergence board are 
routed through jack J 2 . (Jacks Ji and 
J 2 mate with plugs P 2 and Pi, re¬ 
spectively, on circuit 29-35.) 
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29-34 CHROMA CIRCUITS 

For Color Television Receiver 



See Note on page 726. 
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29-34 CHROMA CIRCUITS (Cont'd) 


Parts List 

Ci=27 pF, ceramic, 500 V, 
NPO 

C 2=68 pF, ceramic, 500 V, 
N750 

C 3 , C 5 , Co, Cs, Co, C 22 , C 23 , 
C 29 through C 34 —0.01 pF, 
ceramic, 500 V 
Ci=390 pF, ceramic, 500 V 
C7=0.047 h F, Mylar, 

100 V 

C 10 , Cis=1000 pF, ceramic, 
500 V 

Cn=Trimmer, 2 to 10 pF, 
RCA Stock No. 116501 
or equiv. 

Ci2=220 pF, ceramic, 500 V 
Ci3=10 pF, ceramic, 500 V, 
N150 

C 14 , Cio=0.82 pF ± 5%, 
headed lead, 500 V 
Ci5=820 pF, ceramic, 500 V 
Cit= 390 pF ±5%, Mylar, 

500 V 

C 19 , C 28 , C27=33 pF, ceramic, 
500 V, N150 

C2i=10 pF ±5%, ceramic, 
600 V, NPO 

Cb 4=0.027 pF, Mylar, 100 V 
C25=430 pF ±5%, mica, 

500 V 

C 28 —150 pF, ceramic, 500 V 
035=1.2 pF, ceramic, 500 V 
CRi, CR 4 , CRo, CRfl=Silicon 
diode, RCA Stock No. 
119596 or equiv. 
CR 2 =Dlode, pulse clipper, 
RCA Stock No. 113998 
CR 3 —Diode, type 1N60 
Li=Variable inductor. 


chroma-takeoff coil, RCA 
Stock No. 120797 or equiv. 
La=Variable inductor, os¬ 
cillator strength adjust¬ 
ment, RCA Stock No. 
120798 or equiv. 
La=Phase-shift coil, 3.9 
fiH, part of quadrature 
assembly (RCA Stock No. 
120830 or equiv.) with R 22 
Lt=RF coil, 3.9 /iH, RCA 
Stock No. 116510 or equiv. 
Ls, Le=RF choke, 620 /iH, 
RCA Stock No. 109257 
or equiv. 

Rir=3.9 megohms, 0.5 watt 
Ru—0.15 megohm, 0.5 watt 
Ra, R4, R7=47000 ohms, 

0.5 watt 

R5=82000 ohms, 0.5 watt 
Ro, Rio=10 megohms, 

0.5 watt 

R,s=Potentiometer, color- 
killer adjustment, 1 meg¬ 
ohm, 0.5 watt, RCA 
Stock No. 120805 or equiv. 
Ro=82 ohms, 0.5 watt 
Rn=2.7 megohms, 0.5 watt 
Ri2=2.2 megohms, 0.5 watt 
Ri:s=:3900 ohms, 0.5 watt 
Ru, Rio=390 ohms, 0.5 watt 
Ri5=:82000 ohms, 0.5 watt 
Ri7=47000 ohms, 1 watt 
Ri*=560 ohms, 0.5 watt 
Rio=1500 ohms, 0.5 watt 
R 2 o=Potentiometer, tint 
control, 10000 ohms, 

0.5 watt, RCA Stock No. 
120774 or equiv. 


R2i=6800 ohms, 1 watt 
R 22=120 ohms ±5%, 1 watt, 
part of quadrature assem¬ 
bly with La 

R 23 , R2«=470 ohms, 0.5 watt 
R2i=1500 ohms, 0.5 watt 
R25=Potentiometer, color 
control, 500 ohms, 0.5 
watt, RCA Stock No. 
120776 or equiv. 

R 27 — 0.1 megohm, 0.5 watt 
Ras, Ra«=6800 ohms ±5%, 
fixed film, 0.5 watt 
R:*tt=4700 ohms ±5%, 

1 watt 

R:!i>—0.22 megohm, 0.5 watt 
R:!i—8200 ohms, 0.5 watt 
Ra2=68000 ohms, 0.5 watt 
Ra3=8200 ohms ±5%, fixed 
film, 0.5 watt 
R 31 , Rao, Ra7=l megohm, 

0.5 watt 

R 35 , R4o= 0.18 megohm, 

0.5 watt 

R:;s=0.33 megohm, 0.5 watt 
R 41 , R. 42 , Ri4=39000 ohms 
±5%, l watt 

Ria=0.56 megohm, 0.5 watt 
R 43 , Rio, Ri7=2.2 megohms, 
0.5 watt 

Ris=0.39 megohm, 0.5 watt 
R 49 , R 50 , R5i=1000 ohms, 

0.5 watt 

Ti=Burst transformer, RCA 
Stock No. 120816 or equiv. 
T2=3.58 -MHz oscillator 
transformer, RCA Stock 
No. 120815 or equiv. 
Yj=3.58-MHz oscillator 
crystal 


Circuit Description 

These circuits extract the color 
information from the 3.58-MHz 
chrominance sidebands included in 
the composite color video signal. The 
color information is included in the 
chrominance sidebands in the form 
of two difference-frequency com¬ 
ponents that have a phase difference 
of 90 degrees and that are derived 
in the color television transmitter by 
subtraction of the luminance (Y) 
signal from the red (R) and blue 
(B) color signals. [The green color- 
difference (G — Y) components are 
not transmitted, but instead, are de¬ 
rived in the color receiver by addi¬ 
tion of complements (negative 
values) of the R — Y and B — Y 
signals.] To accomplish the demodu¬ 
lation function, the chroma circuits 
are required to develop two con¬ 
tinuous-wave 3.58-MHz signals that 
have a phase difference of 90 de¬ 
grees, each of which much be added 


vectorially to the chrominance side¬ 
bands. In other words, the 3.58MHz 
color subcarrier suppressed during 
transmission must be reinserted by 
the chroma circuits before the R — Y 
and B — Y color-difference informa¬ 
tion contained in the chrominance 
sidebands can be detected. 

The chroma circuits operate 
from the color receiver low-voltage 
(280-volt) power supply. Five 
5GH8A triode-pentodes fulfill the 
electron-tube requirements for the 
ten chroma stages. The heaters of 
these tubes are connected in series 
with those of other tubes in the 
receiver; operating power for the 
series-heater string is obtained di¬ 
rectly from the 117-volt ac power 
line. 

The input to the chroma circuits 
is the composite video signal after 
it has been amplified by the first 
video amplifier and the sync-agc- 
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29-34 CHROMA CIRCUITS (Cont’d) 


Circuit Description (Cont'd) 

and-chroma driver (shown on circuits 
29-32 and 29-33, respectively), in 
addition to the chrominance side¬ 
bands, this composite signal includes 
the luminance signal (equivalent to 
the monochrome picture signal in 
black-and-white transmissions), the 
conventional horizontal and vertical 
sync pulses, and the color burst syn¬ 
chronizing signal. The color “burst” 
is a 3.58 MHz reference signal of ap¬ 
proximately 8 cycles that occurs dur¬ 
ing the horizontal retrace blanking 
interval immediately following the 
horizontal sync pulse (refer to Fig. 
96, page 73). 

The chroma input is applied 
simultaneously to the chroma band¬ 
pass and burst amplifiers. When no 
burst signal is included in the chroma 
input (i.e., for black-and-white 
transmissions), the color-killer stage 
develops, by means of the current 
through diode CRi, a negative dc 
voltage across capacitor C 7 that 
biases the chroma bandpass amplifier 
beyond cutoff; as a result the chroma 
input is not applied to the color 
demodulators. 

The operation of the burst 
amplifier is controlled by a gating 
signal (burst-gate and killer pulse) 
from an auxiliary winding on the 
horizontal-output transformer (Ti in 
circuit 29-33). This gating pulse is 
generated at the same time and has 
the same time duration as the hori¬ 
zontal blanking pulse used to blank 
out the horizontal retrace on the 
color picture tube. This interval cor¬ 
responds to the period of the hori¬ 
zontal sync pulse and the 3.58MHz 
burst synchronizing signal that im¬ 
mediately follows the sync pulse. The 
burst amplifier, therefore, only 
amplifies this portion of the chroma 
input. The primary of transformer 
Ti in the plate circuit of the burst 
amplifier, however, is tuned to 3.58 
MHz so that only the 3.58-MHz burst 
signal is coupled from the plate of 
the burst amplifier. 


The separated burst is coupled 
by transformer Ti to the control- 
grid circuit of a 3.58-MHz injection- 
locked oscillator circuit. The oscil¬ 
lator, therefore, is forced to operate 
in step (with respect to both fre¬ 
quency and phase) with the incom¬ 
ing burst signal. The 3.58-MHz 
crystal Yi is used to assure excellent 
frequency stability in the oscillator 
circuit. The oscillator develops the 
continuous-wave 3.58-MHz reference 
signal applied to the control grids 
of the Z and X demodulators. The 
quadrature network (L a and Rat) 
causes a 90-degree phase shift in the 
3.58-MHz signal applied to the con¬ 
trol grid of the X demodulator. The 
3.58-MHz chrominance sidebands 
must also be applied to the X and Z 
demodulators before these stages 
can derive the color difference 
signals. These sideband signals are 
obtained from the chroma bandpass 
amplifier. 

The dc bias voltage developed in 
the grid circuit of the oscillator 
stage is used to control color-killer 
action and to derive an age voltage 
for the chroma bandpass amplifier. 
The cathode-to-grid section of the os¬ 
cillator triode, diode CR a , and as¬ 
sociated components from a two- 
diode voltage-doubler circuit. Any dc 
voltage developed in the oscillator 
grid circuit is approximately doubled 
at the voltage-doubler output (anode 
circuit of diode CR a ). When no color 
signal is received (i.e., no burst sig¬ 
nal applied to the oscillator), the dc 
voltage at the grid of the oscillator 
is approximately —5 volts. The —10 
volts developed across Cm and R.-, in 
the anode circuit of voltage-doubler 
diode CR.; is reduced to approxi¬ 
mately — 1.4 volts at the control 
grid of the color-killer stage. For 
this low level of bias, the color killer 
stage conducts and develops a cutoff 
bias for the chroma bandpass 
amplifier. 

When color signals are being 



744 


RCA Receiving Tube Manual 
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Circuit Description (Cont'd) 

received, the burst signals applied to 
the oscillator causes the oscillator 
grid bias voltage to increase to ap¬ 
proximately —8 volts, depending on 
the amplitude of the burst signal. 
The dc voltage at the anode of the 
voltage-doubler diode then rises to 
approximately —16 volts, and the 
bias on the color-killer stage is in¬ 
creased to about —4 volts. For this 
bias level, no current flows through 
the color-killer stage, and the cut¬ 
off bias for the chroma bandpass 
amplifier provided b the color-killer 
stage is removed. The grid bias for 
the bandpass amplifier is then de¬ 
rived from the dc voltage at the grid 
of the 3.58-MHz oscillator. Because 
this voltage varies with the ampli¬ 
tude of the burst signal, it provides 
automatic-gain control for the band¬ 
pass amplifier. 

With the removal of the cutoff 
bias provided by the color killer, the 
bandpass amplifier is allowed to am¬ 
plify and and pass the 3.58-MHz 
chrominance sidebands contained in 
the chroma input (video signal). The 
single-tuned transformer T 2 in the 
plate circuit of the bandpass ampli¬ 
fier forms a selective load to the 
3.58-MHz chrominance sidebands. 
The output of the bandpass ampli¬ 
fier, therefore, is a 3.58-MHz signal 
that contains the R— Y and B — Y 
color-difference information. The in¬ 
stantaneous phase difference of the 
3.58-MHz color-difference compo¬ 
nents with respect to the burst 
synchronizing signal defines the 
color information being transmitted, 
as indicated by the chart on page 73 
in the section Electron Tube Appli¬ 
cations. 

The 3.58-MHz color-difference 
signals from the bandpass amplifier 
are coupled by transformer T 2 to 
the screen grids of the X and Z 
color demodulators where they are 
mixed with the continuous-wave 3.58- 
MHz signal from the oscillator. The 
>olor demodulators are essentially 


synchronous detectors. These types 
of detectors are phase sensitive, and 
their output is determined not only 
by the amplitudes of the two input 
signals, but also by the phase re¬ 
lationship of these inputs. If the 
amplitudes of the chrominance and 
continuous wave inputs to the de¬ 
modulators are considered to be con¬ 
stant, the input of the demodulators 
is affected by the phase relationship 
of the two input signals as follows: 
When the chrominance and the con¬ 
tinuous signals are in phase, the 
output of the demodulators is maxi¬ 
mum in the negative direction. When 
the two signals are 180 degrees out 
of phase, the output is maximum in 
the positive direction. A phase differ¬ 
ence of 90 or 270 degrees results in 
a zero output from the demodulators. 

The X and Z color demodulators 
are biased so that the plate current 
of each demodulator tube is small 
during the zero-signal condition. The 
continuous-wave signal applied to 
the control grid gates the tube into 
conduction for the full positive half 
cycle. During most of the negative 
half cycle, the tube is cut off. With 
no chrominance signal applied to the 
screen grid, the plate current of the 
demodulator tube consists essentially 
of 3.58-MHz pulses. A low-pass filter 
in the plate circuit of the demodu¬ 
lator removes the 3.58-MHz compo¬ 
nent so that the dc plate voltage 
decreases below the level obtained 
when there is no input to either the 
control or screen grid. The dc level 
obtained when only the continuous- 
wave reference signal is applied rep¬ 
resents the zero output of the color 
demodulators; only changes in the 
average plate voltage above and be¬ 
low this level will be passed by the 
output coupling capacitor to the suc¬ 
ceeding stages. 

When the chrominance signal 
applied to the screen grid is in phase 
with the continuous-wave reference 
signal applied to the control grid, 
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29-34 

Circuit Description (Cont'd) 

the demodulator tube conducts more 
heavily during the periods that the 
reference signal permits conduction. 
The plate voltage of the demodulator 
then decreases below the zero level, 
and the output coupling capacitor 
couples the negative change to the 
next stage. Conversely, if the two 
signals are 180 degrees out of phase, 
the average plate current decreases. 
The attendant rise in average plate 
voltage causes a positive change to 
be coupled to the next stage. For 
90- or 270-degree phase differences, 
the two signals tend to add together 
at certain times and to cancel each 
other times so that the average plate 
current is essentially unchanged. 

In the development of the color- 
difference signals at the transmitter, 
the phase of the R — Y signal is 
shifted 90 degrees with respect to 
the burst reference signal and the 
B — Y signal is in phase with the 
reference signal. The B — Y compo¬ 
nent of the chrominance sidebands, 
therefore, is in phase with the refer¬ 
ence signal applied to the Z demod¬ 
ulator, and the R — Y component is 
in phase with the phase-shifted refer¬ 
ence signal applied to the X demod¬ 
ulator. The output of the Z demod¬ 
ulator then is the detected G — Y 
signal, and the output of the X de¬ 
modulator is the detected R — Y 
signal. These signals are coupled to 
the B — Y and R — Y difference- 


signal amplifiers, respectively. 

If strict consideration is given 
to signal phase relationships, the 
outputs of the X and Z demodulators 
are - (R - Y) and - (B - Y) 
signals. The positive versions of 
these color-diffrence signals results 
from the inversions provided by the 
R — Y and B — Y color-difference 
amplifiers. The G —- Y color-differ¬ 
ence signal is synthesized by addi¬ 
tion of portions of the R — Y and 
B — Y signals from the plates of the 
R — Y and B — Y difference ampli¬ 
fiers in the resistor matrix network 
at the input to the G — Y color- 
difference amplifier. The vector sum 
of these quantities results in a 
— (G — Y) signal. This signal is 
amplified and inverted by the G — Y 
amplifier to obtain the G — Y 
signal. 

The color difference amplifiers 
all operate in the grounded-cathode 
mode with the grid bias taken from 
the blanker circuit, and only capaci¬ 
tance coupling is used from the out¬ 
puts of these amplifiers to the picture 
tube. The dc reference level for the 
three color grids of the picture tube 
are established by a clamp diode 
circuit in the output of each differ¬ 
ence amplifier. The outputs of the 
R - Y, G - Y, and B - Y color- 
difference amplifier are coupled to 
the red, green, and blue grids, re¬ 
spectively, of the color picture tube. 


29-35 PICTURE TUBE AND ASSOCIATED CIRCUITS 

For Color Television Receiver 

Circuit Description 


These circuits include the picture 
tube and associated input-coupling 
and biasing networks, the converg¬ 
ence board, and the horizontal and 
vertical deflection coils for a color 
television receiver. The dc operating 
potentials for the picture tube are 
derived from the receiver low-volt¬ 
age (280-volt) power supply, the B 
Boost (700-volt) voltage developed 
by the horizontal-output circuit, and 


the high-voltage (21,500-volt) recti¬ 
fier circuit. The 6.3 volt heater power 
for the picture tube is obtained from 
a transformer (Ti in circuit 29-29) 
connected across the 117-volt ac 
power line. 

The 15LP22 color picture tube 
has a number of unique features. 
The phosphor-dot screen uses a rare- 
earth, red-emitting phosphor and 
improved blue and green phosphors. 
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PICTURE TUBE CIRCUITRY 
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29-35 PICTURE TUBE AND ASSOCIATED CIRCUITS (Cont’d) 


Parts List 

Ci=0.1 fiF, Mylar, 400 V 
C2=47 pF, ceramic, 600 V, 
N760 

Ca, C4, Cs=1000 pF, 
ceramic, 600 V 
Ce, C7=0.16 fiF, Mylar, 

76 V (part of convergence- 
board assembly) 

Cs=0.082 fiF, Mylar, 100 V 
(part of convergence- 
board assembly) 

Cb=0.27 /iF, Mylar, 76 V 
(part of convergence- 
board assembly) 

Cio=180 pF, 260 V, part 
of deflection-yoke assembly 
Cn=3900 pF, part of de- 
flection-yoke assembly 
Ci2=82 pF, 3000 V, part of 
deflection-yoke assembly 
CRi, CR2, CR3, CR 4 —Se¬ 
lenium rectifier assembly, 
RCA Stock No. 120058 
or equiv. 

Convergence board=RCA 
Stock No. 120052 or equiv. 
Deflection yoke=RCA Stock 
No. 120890 or equiv. 

Li=820 /iH, part of net¬ 
work assembly (RCA 
Stock No. 120796 or equiv.) 
with Ri 

(L2— Lii, Ls—Ls) (Lr—L b, 

Ls— L10) (L12—Ll 4 , L13— 
Lis) =Convergence-coil 
assembly, RCA Stock No. 
121343 or equiv., part of 
convergence-board 
assembly 

Le=Variable inductor, right 
red-green vertical lines 
adjustment, RCA Stock 
No. 120059 or equiv., part 
of convergence-board 
assembly 

Ln=Variable inductor, right 
red/green vertical lines 
adjustment, RCA Stock 
No. 121443 or equiv., part 
of convergence-board 
assembly 

Lie=Variable inductor, right 
blue horizontal lines ad¬ 
justment, RCA Stock No. 
120060 or equiv., part of 
convergence-board 
assembly 

Lw=120 /lH, RCA Stock No. 
118245 or equiv., part of 
con vergen ce-board 
assembly 

Lis, L 2 o=Vertical-deflection 
coils, part of deflection- 
yoke assembly 
Lib, L 2 i=Horizontal-deflec- 
tion coils, part of deflec¬ 
tion-yoke assembly 
Pi=Connector for conver¬ 


gence board, 8-pin male 
type, RCA Stock No. 
112728 or equiv. (mates 
with Ji on circuit 26-34) 
P 2 =Connector for yoke as¬ 
sembly, 8-pin male type, 
RCA Stock No. 114767 
or equiv. (mates with J 2 
on circuit 26-34) 

Ri=4700 ohms, 0.5 watt, 
part of network assem¬ 
bly with Li 

R2=0.18 megohm, 0.5 watt 
R3=0.15 megohm, 0.5 watt 
R4=Potentiometer, video 
peak adjustment, 0.1 meg¬ 
ohm, 0.5 watt, part of 
assembly with R7 and Rs 
(RCA Stock No. 120811 
or equiv.) 

Rs=5600 ohms, 0.5 watt 
Re=:12000 ohms, 0.5 watt 
R7=Potentiometer, red drive 
adjustment, 6000 ohms, 

0.5 watt, part of assem¬ 
bly with R 5 and Rs (RCA 
Stock No. 120811 or equiv.) 
Rs=Potentiometer, green 
drive adjustment, 6000 
ohms, 0.5 watt, part of 
assembly with R 5 and R 7 
(RCA Stock No. 120811 
or equiv.) 

Re—33000 ohms ±5%, 

0.5 watt 

Rio, R 11 , Ri 2 =Three-section 
potentiometer; screen-grid 
adjustments for blue, 
green, and red electron 
guns, respectively; each 
section: 1.5 megohms, 

0.5 watt; RCA Stock No. 
120812 or equiv. 

Ri3=47000 ohms, 0.5 watt 
Ri4=1000 ohms, 0.5 watt 
Ri5=Potentiometer, top 
red/green horizontal lines 
adjustment, 120 ohms, 

0.5 watt, RCA Stock No. 
106320 or equiv. (part of 
convergence-board 
assembly) 

Rifl=Potentiometer, bottom 
red/green horizontal lines 
adjustment, 350 ohms, 

0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board 
assembly) 

Ri7=Potentiometer, bottom 
red/green vertical lines 
adjustment, 60 ohms, 

0.5 watt, RCA Stock No. 
105059 or equiv. (part of 
convergence-board 
assembly) 

Ri8=Potentiometer, bottom 
blue horizontal lines ad¬ 


justment, 60 ohms, 

0.5 watt, RCA Stock No. 
105059 or equiv. (part of 
convergence-board 
assembly) 

Rib, R 22=100 ohms, 1 watt, 
part of convergence-board 
assembly 

R 2 o=Potentiometer, left 
red/green horizontal lines 
adjustment, 100 ohms, 

0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board 
assembly 

R 2 i=Potentiometer, left 
red/green vertical lines 
adjustment, 100 ohms, 

0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board 
assembly 

R23=270 ohms, 0.5 watt 
(part of convergence- 
board assembly) 

R24=180 ohms, 1 watt (part 
of convergence-board 
assembly) 

R25=270 ohms, 1 watt (part 
of convergence-board 
assembly) 

R 26 =Potentiometer, left blue 
adjustment, 60 ohms, 3 
watts, RCA Stock No. 
114627 or equiv. (part of 
con vergen ce-boar d 
assembly) 

R27=Potentiometer, top 
red/green vertical lines 
adjustment, 350 ohms, 

0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board 
assembly) 

R 28 =Potentiometer, top blue 
horizontal lines adjust¬ 
ment, 350 ohms, 0.5 watt, 
RCA Stock No. 116635 or 
equiv. (part of con¬ 
vergence-board assembly) 

R2b= 82 ohms, 0.5 watt 
(part of convergence- 
board assembly) 

R3o= 4700 ohms, 2 watts 
(part of deflection-yoke 
assembly) 

R 31 , R32=220 ohms, 0.5 watt 

S=Service switch, RCA 
Stock No. 120838 or equiv. 

SGi through SG 7 =Capacitor, 
spark-gap, 0.5 pF, 1000 
V, RCA Stock No. 120819 
or equiv. 

THi=Thermistor; cold re¬ 
sistance, 1.3 ohms; RCA 
Stock No. 120891 

See Note on page 726. 


Circuit Description (Cont’d) 

The new phosphors are more efficient tube incorporates a screen with 
and are capable of producing 38 per nearly straight sides and sharply 
cent brighter highlights than pre- rounded corners, 
vious color picture tubes. The di- The 15LP22 is designed for op- 

rectly viewed shadow-mask picture eration with the blue gun down. The 
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Circuit Description (Cont’d) 
anode bulb contact for high voltage 
connection is still located in the top 
section of the tube. Operation in the 
blue-down orientation, with respect 
to the viewing screen, provides op¬ 
timum compromise of pincushion dis¬ 
tortion at the top and bottom of the 
screen. The tube is equipped with an 
integral filter glass protective win¬ 
dow, sealed to the base plate of the 
tube with a clear resin. An external 
magnetic shield is not required on 
the 15LP22. Another main feature 
of the color picture tube is an 
einzel-lens focus system. This sys¬ 
tem is relatively insensitive to varia¬ 
tions of the high voltage so that the 
tube maintains good focus even with 
variations in picture brightness. 

The focus system for the color 
picture tube is very similar to that 
used in instruments equipped with 
a black-and-white picture tube. Nor¬ 
mally, the 15LP22 will have opti¬ 
mum focus when connected to 
ground potential. However, provi¬ 
sions to change the focus potential 
are facilitated by a pin connector 
from pin 9 of the picture tube. The 
focus selected jumper can be con¬ 
nected to 620 volts, 320 volts, or 
ground merely by relocating the 
slip-on connector to the proper stake 
extending from the circuit board. 

A three-position service switch 
Si is incorporated into the picture- 
tube circuitry to facilitate receiver 
setup and adjustment. The NORMAL 
position of the switch, of course, per¬ 
mits normal receiver operation. With 
the switch in the SETUP or RAS¬ 
TER position, the video input is 
disconnected from the picture tube, 
and the ground return for the age 
Circuit is opened. Raster height and 
width and color and background 
levels can then be more easily ad¬ 
justed. 

The output of the color differ¬ 
ence amplifiers are applied to the re¬ 
spective grids of the tricolor picture 
tube. The luminance signal from the 


second video amplifier is applied to 
the three cathodes of the color pic¬ 
ture tube. These signals combine to 
intensity modulate the three electron 
beams to produce the color image on 
the picture-tube screen. 

The horizontal and vertical de¬ 
flection coils in a yoke on the neck 
of the picture tube deflect the elec¬ 
tron beams, in response to signals 
received from the horizontal and 
vertical output stages, to produce 
the horizontal and vertical scanning 
required to trace the image on the 
picture-tube screen. (These coils are 
connected in shunt with the respec¬ 
tive horizontal and vertical output 
transformer.) 

The horizontal output circuit 
provides a sawtooth current wave¬ 
form at a frequecy of 15,750 Hz to 
the horizontal-deflection coils, and 
the vertical output circuit provides a 
60-Hz sawtooth current wave to the 
vertical-deflection coils. The picture 
tube electron beams are simultane¬ 
ously deflected horizontally across 
the screen at a rate of 15,750 Hz and 
vertically at a rate of 60 Hz. 

At the completion of each hori¬ 
zontal trace (end of rising portion 
of sawtooth current wave), the beam 
is deflected back to the left side of 
the screen (retrace) to start another 
trace period. A positive blanking 
pulse (included in the video signal) 
applied to the cathodes of the pic¬ 
ture tubes cuts off the picture tube 
during this period so that the re¬ 
trace lines do not appear on the tube 
screen. The picture tube is similarly 
blanked at the end of each vertical- 
trace period. 

Correct color reproduction re¬ 
quires that the three beams of the 
color picture tubes meet, or con¬ 
verge, at the shadow mask and ex¬ 
cite color dots of the same trios. The 
three electron guns of the color pic¬ 
ture tube are mechanically tilted 
toward the center axis of the tube 
so that virtual convergence is ob- 
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Circuit Description (Cont'd) 

tained with no external converging 
force applied. Slight bending of one 
or more of the beams may be re¬ 
quired for exact convergence. The 
convergence circuit performs this 
function. 

The components on the converg¬ 
ence board shown in the circuit dia¬ 
gram are mounted on a disk-shaped 
circuit board with a center hole that 
permits it to be fitted directly on 
the neck of the color picture tube. 
These components are interconnected 
in a dynamic type of convergence 
system. In this system, sine wave 
currents are used to provide hori¬ 
zontal convergence, and parabolic 
current waves are used to provide 
vertical convergence. 

The sine waves of current used 
to provide horizontal convergence 
are derived from a voltage pulse de¬ 
veloped across an auxiliary winding 
of the high-voltage transformer 
(T x in circuit 29-33) and applied 
through pin 8 of the convergence- 
board input connector Pi. The cur¬ 
rent through each of the three sets 
of horizontal convergence coils (L 2 
and Li, L s and L 10 , and Li 3 and Li 5 ) 
is individually adjustable in both 
amplitude and phase. The phase of 
the convergence current is adjusted 
b the Horizontal Shape control L c , 
which resonates with the two 0.15- 
microfarad capacitors C« and C 7 at 
the line frequency (15,750 Hz). The 
sine-wave convergence current is 
produced by ringing this resonant 


circuit with the pulse obtained from 
the high-voltage transformer. Po 
tentiometers Rt 5 , Ric, Ris, R20, and 
R 2S adjust the amplitude of the sine- 
wave convergence current. 

Vertical-frequency (60-Hz) saw¬ 
tooth voltages obtained from sec¬ 
ondary windings of the vertical- 
output transformer (T 2 in circuit 
29-33), applied through pins 4 and 
5 and pins 6 and 7 of connector Pi, 
are used to derive the vertical con¬ 
vergence-current waveform. Because 
of the integrating action of the con¬ 
vergence coils, this sawtooth voltage 
results in a parabolic current wave 
through the convergence coils. Po¬ 
tentiometer R 21 adjusts the amplitude 
of the vertical voltage parabola ap¬ 
plied to the three sets of vertical 
convergence coils (L 3 and L 5 , L 7 and 
Lo, and L 12 and Lu). 

A vertical-frequency sawtooth 
voltage from a secondary winding 
of the vertical-output transformer, is 
applied across potentiometer R i7 . The 
sawtooth voltage is obtained from 
center tapped transformers; the 
voltage at the center of potentiom¬ 
eter R 17 therefore, is approximately 
zero with respect to circuit ground. 
Adjustment of this potentiometer 
mixes either positive or negative 
sawtooth voltages with the para¬ 
bolic convergence voltage and, in 
this way, controls the shape of the 
convergence signal applied to the 
convergence coils. 
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Amplifiers: 

if .. 52 

tuned . 52 
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Amplitude Modulation (AM) . 19 
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Receiving Tubes . 104 

Arc-Back Limit . 97 

Audio Mixer . 700 
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Bass and Treble Tone-Control 

Amplifier Stage . 702 
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Page 

Bias: 

battery . 84 
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diode . 21 
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Black-and-White Television Receiver ... 710 
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Calculation of: 
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cathode load resistor . 42 
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harmonic distortion . 30, 32 
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conversion nomograph . 32 
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plate efficiency. 14 
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power output . 29, 35 

power sensitivity . 14 

Q (selectivity) . 52 

resonant frequency . 52 

screen-grid voltage dropping resistor 99 
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Capactive Division . 54 

Capacitor-Input Filter . 89 

Cathode: 

bias . 84 

bypassing . 84 

connection . 83 

current . 83 

directly heated . 3 

drive . 37 

follower . 38, 40 

indirectly heated . 4 

ionic-heated . 6 

resistor . 84 

types . 3 

Characteristics Curves, Interpretation of 98 
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Circuits . 674 
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Color Picture Tubes . 12 

Color Television . 60 

Communications Transceiver . 16 

Contact Potential . 86 

Conversion Nomograph, Use of . 33 

Conversion Transconductance . 14 

Corrective Filter. 43 

Cross-Modulation . 27 
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Current: 

cathode . 83 

dc output . 96 

grid . 86 

peak plate. 75 

plate .. • • 5 

Curves, Interpretation of Characteristic . 98 

Cutoff . 27 


Dark Heater . 4 

Deflection Circuits: 

horizontal . 67 

vertical . 68 

Degeneration (See Inverse Feedback) ... 38 

Delayed Automatic Volume Control 

(DAVC) . 47 

Demodulation . 19, 72 

Design-Center System of Ratings . 95 

Design-Maximum System of Ratings ... 95 

Detection: 

AM . 19 

diode . 20 
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FM . 22 

grid bias . 21 

grid resistor and capacitor. 22 

ratio detector . 24 

synchronous . 72 

Diode: 

biasing . 21 

considerations . 5 

detection . 20 

Discriminator . 23 

Dress of Circuit Leads . 88 

Dynamic Characteristics . 13 


Electron: 

considerations . 3 

secondary . 8, 9 

Electrons, Electrodes, and Electron Tubes 3 

Electron Tube Application . 15 

Electron Tube Characteristics . 13 

Electron Tube Installation . 81 

Electron Tube Testing . 100 

Electron-Ray Tubes . 79 
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current . 5 

secondary . 8, 9 

test . 101 


Feedback, Inverse . 25, 38 
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operation . 3, 81 
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series operation . 81 

shunt resistor . 82 

supply voltage . 81 

Filter: 

capacitor-input . 89 

choke-input . 89 

corrective . 43 

radio-frequency . 89 

smoothing . 89 

FM Detection . 22 

FM Stereo Multiplex Adapter . 686 

FM Tuner . 682 

Formulas (see Calculation) 
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Frame Grid . 7 

Frequency Conversion . 77 

Frequency Modulation (FM) . 22 

Full-Wave Rectifier . 5, 17 

Gain (Voltage Amplification). 26 

General System Functions . 15 

Generic Tube Types . 4 

Grid: 

bias . 85 

bias detection . 21 

control . 7 

current . 86 

resistor . 85 

resistor and capacitor detection ... 22 

screen . 7 

suppressor . 8 

voltage supply . 83 

Grid-Plate Capacitance . 7 

Grid-Plate Transconductance . 14 

Half-Wave Rectifier . 5, 17 

Harmonic Distortion .30, 49 

Heater: 

cathode . 4 

cathode bias . 83 

cathode connection . 83 

resistor . 82 

series operation . 82 

supply voltage. 81 

warm-up time . 95 

High-Fidelity Amplifiers . 49, 90 

High-Fidelity, 15-w Audio Amplifier .. . 692 

High-Fidelity, 30-w Audio Amplifier . . . 694 

High-Fidelity, 50-w Audio Amplifier .. . 696 

High-Voltage Regulation . 69 

High-Voltage Regulators: 
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Pulse Regulator Circuit . 70 

Horizontal Deflection . 66 

Horizontal-Deflection Circuit and High- 

Voltage Power Supply . 737 

Hum and Noise Characteristics . 98 


IF Amplifier/Limiter and Ratio Detector 684 

Impedance, Input . 27 

Injection Voltage . 56 

Input Admittance . 27 

Input Capacitance . 98 

Instantaneous Peak Voltage . 97 

Intercommunication Set . 689 

Interelectrode Capacitances . 7, 98 

Intermodulation Distortion . 49 

Interpretation of Tube Data . 95 

Inverse Feedback: 

constant-current type . 40 

constant-voltage type . 38 


Kinescopes . 10 


Limiters . 50 

Load resistance. 31 

Local Oscillator . 57 

Low-Distortion preamplifier . 704 

Low-Voltage and Heater Supply (for 
Black-and-White TV receiver) . 724 
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Low-Voltage Power Supply, Degaussing 
Circuit, and Heater Connections (for 


Color TV Receiver) . 726 

Luminance Amplifier . 60 


Maximum Ratings . 95 

Mercury-Vapor Rectifier: 

considerations . 6 

interference from . 89 

Mho-micromho . 14 

Microphone and Phonograph Amplifier . 699 

Mixer: 

audio . 700 

hexode . 79 

pentagrid . 74 

vhf tuner . 56 

Modulated Wave . 19 

Modulation . 19 

Modulation-Distortion . 27 

Multi-Electrode and Multi-Unit Tubes .. 9 

Multiplex Adapter for FM Stereo. 686 

Multivibrator . 74 


Noise . 54 

Noise Figure . 55 

Noise Immunity . 67 

Novar . 10 

Nuvistor . 10 


Operation, Typical Values . 98 

Oscillator: 

considerations . 74 

local . 57 

multivibrator . 75 

relaxation . 75 

synchroguide . 75 

Output Capacitance . 98 

Output-Coupling Devices . 90 


Parallel Operation . 28 

Peaking: 

series . 58 

shunt . 58 

Peak heater-cathode voltage . 96 

Peak Inverse Plate Voltage . 97 

Peak Plate Current . 97 

Pentagrid Converter . 10 

Pentagrid Mixer . 79 

Pentode Considerations . 8 

Phase Inverter . 51 

Phonograph Amplifier . 701 

Phonograph and Tape Preamplifiers ... 43 

Picture Tube: 

characteristics chart . 666 

corona considerations . 92 

cutaway view of color tube. 12 

deflection . 11 

dust considerations . 91 

essential elements . 10 

handling precautions . 94 

high-voltage considerations . 94 

humidity considerations . 91 

safety considerations . 94 

screen . 10 

structure . 11 

X-ray radiation precautions . 94 









































































































Index 


753 


Page 

Picture Tube and Associated Circuits 
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Plate: 

current . 5 

dissipation . 96 

efficiency . 14 

load . 22 

resistance . 13 

voltage supply . 83 

Plate-Cathode Capacitance . 7, 98 

Power Output: 

calculations . 29 

Power Sensitivity . 14 

Power Supplies . 711 

Preamplifier for Amateur Receiver .... 688 
Preamplifier for Ceramic Phonograph 

Pickup . 704 

Preamplifier for Magnetic Phonograph 

Pickup . 702 

Preamplifier for Tape-Head Pickup .... 703 
Preamplifiers, Phonograph and Tape ... 43 

Pulse Regulator Circuit . 70 

Push-Pull Operation . 28, 31 

Q (selectivity) . 52 

Radio-Frequency: 

amplifier . 25, 52 

filter . 89 

Radio Receiver . 15 

Ratings: 

absolute-maximum system . 95 

design-center system . 95 

design-maximum system . 95 

Ratio Detector . 24 

Rectification . 17 

Rectifiers: 

full-wave... 5,17 

half-wave . 5, 17 

ionic-heated cathode . 6 

parallel operation of . 18 

plate-characteristics curves . 98 

voltage doubler . 18 

Relaxation Oscillator . 75 

Remote-Cutoff Tubes . 27 

Resistance-Coupled Amplifiers . 26, 641 

Resistance Coupling . 26 

Resistor: 

cathode (self-biasing) . 84 

center tap . 82 

filament . 82 

plate load . 31 

screen-grid . 85, 99 

Resonant Circuits . 52 

Safety Precautions: 

picture tubes . 94 

receiving tubes . 93 

Saturation Current . 6 

Scanning Fundamentals . 63 

Screen Grid (Grid No.2): 

considerations . 7 

input . 99 

input rating chart . 300 

voltage supply . 86 

Secondary Electrons . 8,9 

Secondary Emission . 8 

Selectivity (Q) . 52 

Self Bias (cathode bias) . 84 
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Shielding . 87 

Shock-Hazard Warning: 

picture tubes . 94 

receiving tubes . 93 

Short-Circuit Test . 100 

Shunt Regulator Circuit . 69 

Signal Generator . 734 

Signal-to-Noise Ratio . 54 

Space Charge . 6, 9 

Static Characteristics . 13 

Stereo Circuits . 686, 700 

Superheterodyne Receiver (ac/dc) . 675 

Suppressor Grid (Grid No.3) . 8 

Sync . 64 

Sync, AGC, and Vertical-Deflection 

Circuits . 735 

Sync Circuits . 64 

Sync Separator . 63 

Synchroguide . 75 

Synchronous Detection. 73 


Technical Data for Tube Types. Ill 

Television: 

color demodulation . 72 

horizontal deflection . 66 

if amplifiers . 57 

picture tubes . 10, 91, 94 

receiver . 16 

rf amplifiers. 56 

scanning . 83 

sync circuits . 64 

vertical deflection . 68 

Terminal Diagrams: 

For Picture Tubes . 672 

For Replacement and Discontinued 

Types. 612 

Testing Electron Tubei . 100 

Tetrode Considerations . 7 

Three-Stage IF Amplifier/Limiter; 

- and Ratio Detector . 682 

Tone-Control Amplifier Stage . 733 

Tone Control . 45 

Transconductance: 

conversion . 14 

grid-plate . 14 

test . 101 

Triode Considerations . 7 

Tube: 

outlines . 633 

ratings, interpretation of . 95 

tester requirements . 103 

Tube Types, Technical Data . 112 

Tuned Amplifiers . 52 

Tuner, FM . 682 

Tuners, Television . 56 

Tuning Indicators.. 79 

TV Scanning, Sync, and Deflection_ 61 

Twin diode—triode. 20 

Two-Channel Audio Mixer . 700 

Two-Channel Stereophonic Amplifier .. 698 
Typical Operation Values, 

Interpretation of . 98 
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Vertical Deflection . 68 

VHF Tuner . 740, 755 
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Video Amplifiers . 58, 60 

Video IF Amplifiers and Sound-Channel 

Circuits . 731 

Voltage: 

amplification, class A . 15 

doubler rectifier . 18 

peak heater-cathode . 96 

peak inverse plate . 97 

supply . 83 

Volume Control: 

automatic (AVC) . 46 

by grid-voltage variation . 85 
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by screen-grid-voltage variation .... 87 

delayed automatic (DAVC) . 47 

Voltage Doubler . 18 

Volume Compressor and Expander .... 50 


Wideband (Video) 

Amplifiers . 58 

X-Ray Radiation Considerations: 

picture tubes . 94 

receiving tubes . 93 

















Other RCA 
Technical Publications 


Field Service Guides for RCA Color- 
TV Receivers 

ERT-200 Volume - 1 (1955-1966) $2.00* 
ERT-201 Volume - 2 (1967-1968) $1.60* 
ERT-202 Volume - 3 (1969-1970) $1.90* 
ERT-203 Volume - 4 (1971-1972) $2.90* 
ERT-204 Volume - 5 (1973-1974) $3.95* 



These guides provide up-to-date service information on RCA color-TV 
chassis. All of the guides are compact enough to fit into your service 
caddy; however, they open to a full 11” x 17” for clear, easy reference. 


Sections include: 

■ Comprehensive Indexes by 
Model Number and Model 
Name 

■ Step-By-Step Setup Procedures 


■ Top and Rear Chassis Views 

■ Easy to Read Schematic 
Diagrams 

■ Procedures for Picture Tube 
Removal and Replacement 


Color-TV Service Handbooks For 
Major Manufacturers 

1A1759 (1967-1968) $2.00* 

1A1848 (1969-1970) $2.25* 

1A1973 (1971-1972) $2.95* 

1A2092 (1973-1974) $3.75* 

These handbooks permit you to service color-TV receivers of most 
major manufacturers in the customer's home. Data in these handbooks 
are based on the original manufacturer's service notes. 

The handbooks include manufacturers such as: 

Admiral, Airline, Dumont, Curtis Mathes, Emerson, General Electric, 
Hitachi, Hoffman, Magnavox, Motorola, Olympic, Packard Bell, 
Panasonic, Philco, RCA, Sony, Sylvania, and Zenith 
Sections include: 

■ Comprehensive Index ■ Simplified Setup Procedures For 

■ Top Chassis View Showing all Purity, Black-and-White Setup 

Major Components Convergence, and AFPC. 



* Prices are net and are subject to change without notice at our discretion. 
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Solid State Servicing TSG-1673A $3.95* 

Practical bench-oriented service manual covering 
the application and servicing of solid-state devices 
(diodes: rectifiers-zeners-varactors; transistors: 
bipolar-FET's; thyristors: SCR's-triacs; IC's) in 
Power Supplies, Hi-Fi and Tape-Recorder Ampli¬ 
fiers; AM and FM Receivers (mono and stereo); 
and Television Receivers (color and black-and- 
white). 


Text sections include: 

■ Solid-State Operating Principles 

■ Basic Amplifier Considerations 

■ Power Supplies 

■ Hi-Fi and Tape-Recorder 
Amplifiers 


■ Radio Receivers (AM and FM — 
Mono and Stereo) 

■ Television Receivers (Color and 
Black-and-White) 

■ Servicing Solid-State Circuits 



Solid-State Hobby Circuits HM-92 $2.95 * 


408 pages containing 68 circuits of general int¬ 
erest to all experimenters. Circuits use diodes, 
transistors, SCR's, triacs, MOS transistors, inte¬ 
grated circuits, and light and heat detectors. Circuit 
operation is described in detail; construction lay¬ 
outs, photographs, schematic diagrams, and parts 
lists are given; and full-size drilling or printed- 
circuit templates are included for most circuits to 
simplify construction. 

Circuits you can build, use, and enjoy 

■ Audio 

■ Automobile 

■ Home & Hobby 

■ Musician 

■ Photographer 

■ Amateur Radio 


■ Communications 

■ Games & Recreation 

■ DC Power Supplies 

■ How to Build Electronic 
Circuits 

■ How to Test & Troubleshoot 
Solid-State Devices 



* Prices are net and are subject to change without notice at our discretion. 





Other RCA Technical Publications 
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Electro-Optics Handbook EOH-11 

256-page Handbook, a carefully edited collection 
of technical information from many different 
widely scattered sources, provides general extensive 
reference material in the rapidly expanding electro¬ 
optics field. Dozens of tables, charts, graphs as well 
as descriptive text. A fully indexed valuable time¬ 
saving reference. 

Sections include: 


$4.95* 

Electro-Optics 

Handbook 



■ Radiometric Quantities and 
Units 

■ Photometric Quantities, Units, 
and Standards 

■ Physical Constants, Angle 
Conversion Factors, and 
Commonly Used Units 

■ Blackbody Radiation 

■ Eye Response and Luminous 
Efficacy 


■ Sources of Radiation 

■ Atmospheric Transmittance 

■ Detection, Resolution, and 
Recognition 

■ Lasers 

■ Detector Characteristics 

■ Image and Camera Tubes 

■ Optics 

■ Photographing E-O Displays 


Photomultiplier Manual PT-61 

192 pages of technical data and information on 
photomultiplier construction, operation, and 
applications for designers and users of electro- 
optical equipment. Data on sources, spectra, noise, 
and RCA photomultipliers are included. Well 
illustrated and well written for easy reading, this 
manual is valuable to students, engineers, and 
service technicians. 


$2.50* 



Sections include: 

■ Photoemission 

■ Secondary Emission 

■ Principles of Photomultiplier 
Design 

■ Statistical Fluctations and 
Noise 

■ Applications of Photomultipliers 


■ Voltage-Divider Considerations 

■ Photometry 

■ Radiant Energy and Sources 

■ Spectrum Response 

■ Source — Detector Matching 


* Prices are net and are subject to change without notice at our discretion. 
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RCA Products for the 
Technical Service Industry 


Receiving tubes 

Receiving-type industrial tubes 

Color picture tubes 

Black-and-white picture tubes 

Power tubes 

Electro-optic devices 

Replacement semiconductor devices 

Batteries 

Test equipment 

Antennas 

Antenna rotators 

Antenna installation hardware 

Reception aids 

Spray chemicals for electronic equipment 
Servicing aids 

Industry compatible test jigs 

Exact replacement parts for RCA products 

Film resistors (flameproof) 

Car radios and Jape players 

Speakers 

Scanning radios 


See your RCA JXistributor — or, for more information contact 


RCA | Distributor and Special Products Division 
Cherry Hill Offices | Camden, N.J. 08101 




RCA Distributor and Special Products Division 


